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ABSTRACT
The number o f  musculoskeletal and psychological discomforts is increasing as a 
result of continuing growth of VDT work. Although ergonomic improvements in 
workstation design can be applied, an effective work-rest schedule is an economical 
way to reduce these problems. The objective o f this research was to determine an 
effective work-rest schedule for VDT operators. In addition to a discomfort 
questionnaire, performance and electromyography measurements from trapezius and 
flexor carpi radialis were used.
Three different work-rest schedules were applied: 60-minute work/10-minute 
rest, 30-minute work/5-minute rest, and for the third schedule, the subjects received 
four breaks from VDT work each hour additional to a 14-minute break after two hours. 
Three of these breaks were 30 seconds in length and the fourth break was 3 minutes in 
length. The research also considered the effect o f type o f VDT task. Subjects were 
asked to enter alphanumeric data for data entry task and to solve addition/subtraction 
problems as mental task.
The results indicated that effect of schedule was different on discomfort levels 
and performance o f the subjects. Similarly, the type o f task had different effects on 
discomfort, performance, and muscular tension levels. The 15/micro schedule was 
superior to the other schedules in terms of discomfort levels of the neck, back, and 
elbow/arm, eyestrain, speed, accuracy, and performance for both tasks. The lowest 
levels of trapezius muscle tension for data entry and flexor carpi radialis for mental 
tasks were resulted in the 15/micro schedule.
x
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The effect of the type of task was significantly different with 60/10 schedule on 
discomfort in shoulder and chest, blurred vision, and headache; with 30/5 schedule on 
shoulder, chest, and elbow/arm discomforts; and with 15/micro on discomforts in 
shoulder and hand/wrist. The schedule effect was different on data entry task for neck, 
lower back, elbow/arm discomforts and on mental task for headache. Mental task 
resulted in a higher psychological discomfort, lower physical discomfort, and lower 
performance than data entry task. The results of the study suggest that the 15/micro 
schedule is superior to the longer and infrequent rest break schedules considering upper 
extremity discomfort, eyestrain, speed, accuracy, and performance o f the subjects.
xi
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CHAPTER 1
INTRODUCTION
The applications of computer technology and the use o f video display terminals 
(VDT) are increasing in the workplace, and their use is predicted to expand in the 
future. According to Occupational Safety and Health Administration (OSHA), only 25 
percent o f the U.S. population used computers at work in 1984; in 1993 more than 45 
percent o f the population used computers at work and the number continues to grow. 
More than 18 million workers are in the jobs that require intensive keying (U.S. 
Department o f Labor, 1997). Research shows that prolonged use of VDTs causes 
various complaints including eyestrain, musculoskeletal discomfort, headache and 
psychological discomfort among users. These symptoms can result from problems with 
workstation design, the work environment (poor air quality, improper lighting, glare, 
and noise) and/or job design (lack o f recovery, force, repetition, and duration).
Health problems associated with working at a VDT can be alleviated through 
adjusting the work environment for VDT use, using ergonomically designed 
workstations, and providing a satisfactory job design, and work-rest schedules. Various 
studies recommend the application of ergonomics principles in the design of 
workplaces; however, working with solely ergonomically designed workstations does 
not eliminate all the problems associated with VDTs. An effective work-rest schedule 
is required to minimize user complaints and maximize performance.
1
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2
1.1 BACKGROUND
Musculoskeletal disorders o f the upper extremities due to work factors are 
common and occur in nearly all sectors of the U.S. economy. Musculoskeletal 
disorders affect employees in every type o f workplace and include such diverse workers 
as food processors, automobile and electronics assemblers, carpenters, office data entry 
workers, grocery store cashiers, and garment workers. The highest rates o f these 
disorders occur in industries with a considerable amount o f repetitive and forceful 
work.
Musculoskeletal disorders affect the soft tissues o f the neck, shoulder, elbow, 
hand, wrist, and fingers. These disorder affect the nerves (e.g., carpal tunnel 
syndrome), tendons (e.g., tenosynovitis, peritendinitis, epicondylitis), and muscles (e.g., 
tension neck syndrome). Musculoskeletal disorders are one of the fastest growing 
workplace injuries, costing employers more than $20 billion for 2.73 million workers' 
compensation claims in 1993. Indirect costs may run as high as $100 billion. The most 
frequently reported upper-extremity musculoskeletal disorders affect the hand/wrist 
region. In 1993, carpal tunnel syndrome (CTS), the most widely recognized condition, 
occurred at a rate of 5.2 per 10,000 full-time workers. This syndrome required the 
longest recuperation period o f  all conditions resulting in lost workdays, with a median 
o f  30 days away from work (Bureau of Labor Statistics, 1998). A total of 6.1 million 
injuries and illnesses were reported in private industry workplaces during 1997 
including about 430,000 reported cases of occupational illnesses.
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Disorders associated with repeated trauma, such as carpal tunnel syndrome and 
noise-induced hearing loss, accounted for 4 percent o f the 6.1 million workplace 
injuries and illnesses. They were the dominant types o f illnesses reported, making up a 
total of 276,600. Figure 1.1 shows the number o f repeated trauma cases in private 
industry reported from 1983 to 1997 (Bureau o f Labor Statistics, 1998). The highest 
number of repeated trauma cases, a total o f 332,000, occurred in 1994. This figure 
represents nearly 65% of all illness cases reported to the Bureau of Labor Statistics; an 
increase of 10% compared with 1993 figures and more than 15% relative to the 1992 
figures.
According to the Bureau o f Labor Statistics, ergonomic disorders are the most 
rapidly growing category of work-related illnesses reported to OSHA. In 1981 (when 
the IBM personal computer was released) only 18 percent of all illnesses reported were 
Repeated Strain Injuries (RSI). In 1984 that figure grew to 28 percent, in 1992 to 52 
percent, and by the year 2000 estimates are that 70 percent of all occupational illnesses 
reported will be RSIs. This rapid increase in RSIs coincides with the increase of 
personal computer use. There are an estimated 70 million personal computers in the 
USA (Pascarelli and Quilter, 1994).
Two prescriptive VDT standards are applicable to the private sector that were 
adopted in the U.S; by Suffolk county, New York, in 1988, and by the City o f San 
Francisco, California in 1990. The San Francisco ordinance contains detailed equipment 
standards and requirements for work breaks and VDT ergonomics training.
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Figure 1.1 Repeated trauma injuries in private industry 
(Source: Bureau of Labor Statistics)
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The Suffolk county law contains VDT equipment and design of workstations, 
use standards, work rules, and mandatory eye care benefits for VDT workers 
(McIntosh, 1992). European Commission adopted a package of occupational safety 
and health directives under Article 118 of the Single European Act. This package 
includes the display screen equipment directive that corresponds to the minimum safety 
and health requirements for work with VDTs (Ruckert, 1992).
1.2 RATIONALE
Most o f the earlier studies related to the determination of effective work-rest 
schedules for VDT operators used subjective discomfort questionnaires to evaluate the 
effect of rest periods on the complaints of operators. This research uses an objective 
methodology that includes electromyographic readings. Another dependent variable 
was selected as performance, speed and accuracy in addition to the subjective 
discomfort questionnaires.
Although most of the studies recommend longer but not too frequent rest 
periods, more recent studies showed that shorter and more frequent rest breaks have an 
advantage in reduction of static muscle loads on the musculoskeletal system. Therefore, 
we compare both of these different approaches in this research. In our experiment short 
rest breaks intend to supplement rather than to replace conventional rest breaks.
This study also considers the effect of type o f  task to determine the most 
appropriate schedule since there are no previous studies that considered the type o f 
task as a variable.
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1.3 RESEARCH OBJECTIVES
The main objective o f this research was to determine an effective work-rest
schedule for VDT operators and specifically:
• To compare different work-rest schedules to determine which work-rest schedule
would minimize musculoskeletal discomfort in upper and lower extremities, 
selected muscle loads, eyestrain, and psychological discomfort.
•  To develop a statistical model to quantify the relationship between physical and
psychological discomforts and work-rest schedule under controlled environmental 
conditions and specific tasks.
• To clarify the dilemma between applying short and frequent rest breaks that reduce
static loads in musculoskeletal system and longer but infrequent rest breaks that are 
less disruptive to task activities.
•  To determine whether the type of VDT task is an important factor in determining
the most appropriate work-rest schedule to employ, and if so, to determine the
most appropriate schedules for data entry tasks and mental tasks.
• To recommend a work-rest schedule that decreases the physiological and
psychological discomforts of the operators while not reducing productivity in a 
simulated office environment.
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CHAPTER 2
LITERATURE REVIEW
Working with VDTs has various effects on the operators that can be 
categorized as physiological (e.g. musculoskeletal complaints, eyestrain, headache) and 
psychological (e.g. dizziness, lack of concentration, nervousness). Not only complaints 
from operators but also reduction in productivity may also be expected as a result of 
excessive human-computer interaction. The use o f ergonomics principles in the office 
and psychosocial improvements through job enlargement, job rotation, reward systems, 
and work-rest schedules can alleviate these problems. This section is a review of the 
literature related to the effects of VDT work and appropriate work-rest schedules to 
reduce the unfavorable effects of VDTs.
2.1 THE EFFECT OF VDTS ON OPERATORS
Psychological and physiological effects o f VDTs on operators can be classified 
as job stress, eye discomfort and musculoskeletal discomfort.
2.1.1 Job Stress
Job pressure and mental stress are two of the major complaints o f VDT 
operators. Smith (1984a) investigated the possible adverse health effects o f VDT on 
operators; the major finding was job stress among the operators. Dainoff (1981) found 
a statistically significant correlation between job pressure with mental/physical stress, 
and stress with the percentage of VDT use time.
7
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Lim et al. (1993) found that psychological stress is a mediator o f the effect of 
psychosocial factors on musculoskeletal discomfort and disorders. Ong (1995) suggests 
that satisfactory job design that affects monotony, repetitiveness, poor support and 
recognition, insufficient reward systems, and lack o f social support as well as achieving 
a pleasant psychosocial environment surrounding the workplace decrease work stress 
and consequently musculoskeletal complaints.
In 1990, an ergonomic intervention study was conducted at a multinational 
postal service company. The company expanded ergonomics to include job design, 
work-group relations, employee education, and manager training. Since then there were 
no reported cases o f repetitive strain injury at the company despite extensive VDT use 
(Weisberg 1998). Watanabe et al. (1993) investigated the relationships between the 
health and working conditions and the attitudes toward computers among VDT 
workers. They suggest that in order to promote VDT workers' health, specialists 
should give greater consideration to  the workers' attitudes toward computers, 
overwork, and relationships with other workers. Lu and Aghazadeh (1996) found that 
psychosocial factors contribute to work posture and psychological stress.
Pot et al. (1987) found an interactive relation between health complaints on one 
hand and the percentage of working with VDT, work pressure, and work atmosphere, 
experienced on the other hand. The authors concluded that headache, eye fatigue, 
musculoskeletal complaints and general fatigue complaints along with nervousness are 
related to a combination of VDT exposure, substantial work pressure, and a poor work 
atmosphere.
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2.1.2 Visual Fatigue
According to American Optometric Association's survey; eyestrain, blurred 
vision, and headache are the top three vision complaints associated with the use o f 
VDTs (Sheedy, 1992). Similarly, irritated and burning eyes, blurred vision, and 
eyestrain are found to be the common complaints of VDT operators (Smith, 1984b; 
DainofF, 1981). VDT operators complain more o f visual fatigue and eyestrain than any 
other group of workers of the same age as stated by Rey and Meyer (1980). A similar 
result was found in the Nishiyama et al.'s study (1984).
The lack o f proper lighting is the major problem. Florescent overhead lighting is 
very common in the offices. This results in 100-150 foot-candles o f illumination on 
desk surfaces that highly exceeds the ANSI standard of 18-46 foot-candles. The users 
have adaptation difficulties since desks are brighter than VDT screens.
The American Optometric Association estimates that among seventy million eye 
exams a year, ten million patients have eye exams because of problems with VDTs 
(Sheedy, 1992). Thirty seven percent of these complaints are attributed to 
environmental visual factors such as lighting, poor screen resolution, and glare 
(Weisberg 1998). Smith (1984b) summarized some of the research findings regarding 
VDT health issues. Visual complaints were found to be the highest in studies both in 
Europe and the United States. The users had headache, visual fatigue, and visual 
irritation. Another finding is that the types of VDT activity influence the incidence o f 
visual complaints. VDT users at visually demanding jobs have a higher rate of visual 
complaints than those at less visually demanding jobs.
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Fukuzumi et al. (1998) studied relationships between VDT display color 
readability and the physiological factors. Results show that the optimum VDT display 
color is the one that has the most readable stimulus purity for each dominant 
wavelength. Watten et al. (1992) report that two and four hour o f VDT work causes a 
significant reduction in visual acuity and contrast sensitivity.
Bergqvist and Knave (1994) investigated the relationship between eye 
discomfort and work with video display terminals. A total o f 353 people completed a 
questionnaire containing eye discomfort, individual factors and work conditions. The 
results of the questionnaire showed that there is an increase in eye discomfort with 
VDT work itself or duration o f work. Similar results that show an increase in eye 
related problems with increasing VDT work duration were obtained in a number of 
other studies (Gunnarson and Soderberg, 1983; Hagberg and Sundelin, 1986; Laubli 
and Grandjean, 1984; Rubino, 1993).
Lie and Watten (1994) investigated the VDT work, oculomotor strain, and 
subjective complaints through an experimental and also a clinical study. The 
experimental study examined the effect of three hours of continuous VDT work on the 
optometric and health-related variables. The clinical study investigated the health effect 
of optical corrections on symptomatic VDT workers. Results from the first study 
indicate that apart from visual symptoms, muscle pain in the head, neck, and upper 
back regions can occur from near-point reduced oculomotor strain. Results from the 
clinical study indicate that there is a significant pre-post reduction in symptoms, 
demonstrating that visual anomalies contribute to work-related symptoms.
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2.1.3 Musculoskeletal Complaints
Musculoskeletal disorders such as tendinitis, tenosynovitis, epicondylitis, low 
back pain, carpal tunnel syndrome, cubital tunnel syndrome, Guyon's canal syndrome, 
and trigger finger appear to be common in work environments resulting from awkward 
postures, localized pressure, prolonged static position without movement, excessive 
use o f force, and repetition without rest breaks. The most common and well-known 
cumulative trauma disorder is carpal tunnel syndrome (CTS). CTS is a painful 
condition o f  the hands and wrists. It is caused by pressure on the median nerve that 
runs from shoulder, down to the arm and hand.
Matias and Salvendy (1998) studied 1000 female VDT operators to determine 
the effects o f job exposure, posture, psychological and personal factors on CTS. They 
found out that the main reasons o f CTS are prolonged typing activity, static and bent 
postures o f the wrist, seating posture and user’s wrist size. The authors state that 
applying work schedule that do not permit the user to take breaks when working in the 
computer for a continuous period o f time would result in greater risks of work-related 
CTS and incidences of injury. In another study, Matias (1996) found that increasing the 
daily work duration on VDTs from one hour to four hours increases the probability of 
carpal tunnel syndrome risk from 45% to 92%. Cahill (1987) found that in the 
ergonomics office, wrist comfort was found to be a function of the number o f hours 
spent keying at a video display terminal, the height of the primary work surface, the 
flexion/extension of both the right and left wrists, the angle of keyboard, and the 
presence o f a required work pace or rate.
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Winkel et al. (1991) state that the neck and shoulder girdle discomfort could be 
reduced with job enlargement and physical exercises or more frequent rest breaks. 
Sauter et al. (1991) investigated the effect of work posture and workstation design on 
the musculoskeletal discomfort. Leg discomforts increased with low, soft seat pans; 
and also arm discomfort increased with increases in keyboard height above elbow level, 
supporting arguments for low placement o f the keyboard. High levels o f neck and 
shoulder girdle discomfort suggest the need for further attention to the control of 
cerviobrachial pain syndromes in VDT work.
Smith (1984a) cites a study by Cakir et al. (1978) that found that data 
acquisition clerks had taken more medical treatment for back pain than supervisors and 
programmers. They also concluded that 75 percent o f the data acquisition operators 
reported back pain, while 57 percent of the non-VDT workers, 50 percent of 
supervisors, and 20 percent o f the programmers reported back pain. Similarly data 
acquisition workers reported more neck pain than the other groups.
Carter and Banister (1994) reviewed the possible causes o f and strategies to 
minimize musculoskeletal pain in VDT operators in telecommunications industry. A 
range of uncomfortable and potentially disabling conditions such as musculoskeletal 
pain, eye strain, miscarriage, birth defects, dermatitis, and anxiety are attributed to the 
operation of VDTs. The authors recommend that the ergonomist and the office 
manager should collaborate to improve working conditions in the office. Worker 
selection, posture, ergonomic training, and the use o f exercise sessions and rest breaks 
should be considered.
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Stellman et al. (1987) investigated the relationships between extent o f VDT 
usage and perceptions of physical work environment, task characteristics, and users' 
health and well being among clerical workers. Musculoskeletal discomfort and 
dissatisfaction were highest among all day and part time VDT users.
Faucett (1994) found that the longer an employee keyed on a VDT during the 
day, the more likely that person was to have symptoms of a potential musculoskeletal 
disorder o f hands, arms, or upper torso. Matias (1996) concludes that the duration of 
VDT work in a workday is the most significant factor in his study.
2.2 WORK-REST SCHEDULES
An optimal work-rest schedule consists o f  a specified series o f work and rest 
periods whereas the objective is to minimize fatigue and provide recovery o f the 
employee. Mathiassen (1993) concludes that even minor changes in the exercise/rest 
schedule may imply large changes in physiological and psychophysical responses.
Bechtold et al. (1984) conducted a study to maximize labor productivity by 
selecting the optimal number, duration, and placement o f rest breaks. They developed a 
multi-rest break model including two sub models, one of that had a fixed number of 
rest breaks and the other had variable rest. A bicycle ergometer was used whereas the 
objective was to cover as much distance as possible. The result was a 13 percent 
increase in productivity by using the model. Authors suggested that if the number of 
rest breaks is constrained by a labor union, fixed number of rest break would be 
applicable. Another conclusion is that a more productive employee tends to be assigned 
fewer and briefer rest breaks than less productive ones, if they were on a piece rate.
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Janaro (1985) implemented a similar study and found that the variable number o f rest 
break model provides an increase in the work output. The author strongly suggests that 
unless management provides motivation, the expected productivity increase cannot be 
obtained even though a good work-rest schedule is used.
The following schedules are recommended by the authors who attempted to 
find an effective work-rest schedule by doing either laboratory or field studies:
Asfour (1987) investigated an effective work-rest schedule for VDT operators. 
A laboratory study was conducted where twelve students filled out subjective 
discomfort questionnaires. The author concludes that if the major concern is work 
output or productivity, 1/2 hour break should be given in a 3 Vz hour work period; 
however, if the employee’s preference is to be considered, a total o f one hour breaks is 
appropriate with a thirty minutes work and fifteen minutes rest break schedule.
Five-minute rest breaks after a 40-minute work period was found effective as a 
result of the study conducted by Floru et al. (1985). The authors recorded the 
measurements o f  electroencephalography (EEG), heart rate measurements, visual 
reaction time, attentional-perceptual task, and eye-muscle balance test. Hagberg and 
Sundelin (1986) studied the discomfort and load on the upper trapezius muscle when 
operating a word processor. Each user was examined during three working periods on 
different days. The three types of working periods were (a) 5 hours o f continuous 
work with regular lunch and coffee breaks, (b) 3 hours o f continuous work with 15- 
minute breaks, and (c) 3 hours of work, with short pauses taken ten times an hour.
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Users also completed a subjective discomfort questionnaire before and after the VDT 
working periods. The authors found an increasing musculoskeletal discomfort with 
increasing number o f hours of VDT work. There was a significant negative correlation 
between pauses and static load on the right upper trapezius muscle. The rating of 
perceived discomfort was less after the work periods with short pauses than after the 
work periods without.
Boucsein and Thum (1995) evaluated two different schedules (7.5-minute rest 
after 50-minute o f work and 15-minute rest after every 100 minutes o f work). In the 
experiment, electrodermal activity, heart rate, respiratory frequency, pulse wave transit 
time, neck electromyography, gross body movements, and subjective responses related 
to emotional well being and body comfort were recorded. The results indicate that the 
emotional well being of operators is significantly better under the short break schedule. 
A conclusion is reached that a short break schedule should be applied until mid-day, 
and fewer but longer rest breaks should be taken in the afternoon.
Karwowski et al. (1994) investigated the effects of human-computer interface 
design on postural dynamics. A laboratory experiment was performed in which the 
experimental factors were information presentation mode, information processing mode 
and work-rest schedules (50-min work-10 min break, 2-hour work-15 min break, and 
flexible schedule. The effect of work-rest schedule was related to the neck/head flexion 
angle, upper trunk flexion angle, and frequency of use of the low back support and foot 
support. The lowest neck/head flexion and number of neck/head movements were 
found in flexible schedule whereas the highest ones were obtained in 50-10 schedule.
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Kopardekar and Mital (1994) compared two work-rest schedules. In this study 
eight subjects simulated directory assistance operator’s task. A 60 minute work and 10 
minute rest schedule resulted in fewer work interruptions compared to a 30-minute 
work and 5 minute rest schedule that decreased the number of errors.
Zwahlen and Adams (1987) conducted another study related to the 
determination o f work-rest schedules. This study, in contrast to the previous ones, used 
a computer program that considers discomfort questionnaire scores as an input to 
determine the rest breaks. Results indicate that when the discomfort threshold value 
was 64 (an increase in scores indicates discomfort increase) two rest breaks o f 17 min 
allowed only 56% of population to have discomfort scores of less than 64 at the end of 
the workday. Four rest breaks o f 16 min allowed 99% of population to have discomfort 
scores less than 64.
Gao et al. (1990) measured the physiological parameters such as critical flicker 
frequency, simple reaction time, aiming test, diastolic blood pressure, and adrenaline in 
urine. The number of errors was recorded to determine the performance fluctuations. 
They conclude that a break was needed after 50-minute VDT work since there was a 
performance decrease in 50-60 minute period during the experimental period.
Thompson (1990) and Henning et al. (1997) have also studied effects of 
exercise breaks on productivity. Productivity growth and discomfort reduction were 
achieved with two 5 minute rest breaks with exercises in addition to the normal rest 
breaks both in the mid-moming and mid-afternoon during an 8 hour work day 
(Thompson, 1990).
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Henning et al. (1997) studied the effect o f frequent and short rest breaks of 
computer work on the productivity and well-being of workers at two field sites one of 
that was based on working as a team, while the other was based on independent work. 
Rest breaks schedule included four breaks (one of that took three minutes while the 
others took thirty seconds) each hour in addition to their conventional fifteen minute 
long mid-moming and mid-afternoon rest breaks and the thirty-minute lunch break. 
Operator mood and musculoskeletal discomfort were measured subjectively. The first 
field site was divided into three groups to see the effect o f breaks and exercises during 
the breaks. The results indicate that the frequent and short rest breaks increase the 
productivity. The added rest breaks with exercises increased worker productivity and 
improved worker well being. There were significant increases in eye, leg, and foot 
comfort. The operator productivity did not increase with the breaks and exercises in the 
large group. An improvement was obtained in the smaller site (Henning, 1997).
The dilemma between application of self-managed discretionary rest breaks and 
controlled rest breaks has not been resolved yet. However, one advantage o f self­
managed discretionary rest breaks is being less disruptive to task activities since 
operators are in the best position to know (Henning, 1995).
Despite these advantages, some tasks may benefit from automated system 
instead of a self-managed system. Alternatively some tasks may be best served by some 
combination of the two methods (Henning, 1997). The following are some 
recommendations related to  the rest break schedules o f VDT operators:
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• National Institute o f Environmental Health and Safety (NEEHS) Health and Safety 
Manual recommends 15-minute break periods after 2 hours o f continuous VDT 
work.
• Swedish National Board of Occupational Safety sets an upper limit o f 1-2 hours of 
continuous VDT work (Swanson and Sauter, 1989).
•  Occupational Health and Safety Branch o f Ontario Ministry of Labor requires a 5 
minute break after 1 hour of VDT operation for health care and residential facilities. 
This schedule is also encouraged for other sectors.
• Pascarelli (1994) suggests the operator see how long he/she can type without 
feeling any symptoms, then subtract 10 minutes from that time and not to type 
more than that without taking any breaks.
2.3 USE OF ELECTROMYOGRAPHY IN ERGONOMICS
According to De Luca (1997), EMG is an indicator of the initiation o f  muscle 
activation, its relationship to the force produced by a muscle, and its use as an index of 
fatigue processes occurring within a muscle.
Basically electromyographic signal is the total signal detected by electrodes. It 
is an algebraic summation of all motor unit action potential trains (MUAPT) from all 
active motor units within a pick-up area o f the electrode (two active and a reference 
electrode are placed along the course o f a muscle fiber for surface EMG). The 
technique is mostly useful for conditions involving repetitive and light task in which the 
work of specific muscles is o f interest.
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As Marras (1992b) indicates, EMG can be very useful analytical method if it is 
applied under proper conditions and interpreted in light of physiological, 
biomechanical, and recording principles.
There are numerous studies that used EMG in their ergonomic research either 
in laboratory settings or field studies (Aaras, 1997; De Groot, 1987; Hagberg and 
Sundelin, 1986; Hamilton, 1996;; Harvey and Peper, 1997; Milerad and Ericson, 1994; 
Schuldt et al., 1986; Soderberg et al., 1986; Sundelin and Hagberg, 1992; Veirsted, 
1996 etc.).
Electromyography (EMG) is used in the field of ergonomics to evaluate work 
performance; to assess the most effective performance by changing work methods, 
organization, and physical aspects of workstation or tools, and also to train workers to 
a selectively activate or relax specific muscles.
2.3.1 Normalization of EMG Signals
The raw surface EMG amplitude is highly sensitive to factors determined by the 
specific electrode configuration, such as the electrode/skin impedance and the exact 
location and spacing of electrodes. Furthermore, the surface EMG from a specific 
muscle is influenced by conditions differing systematically between individuals, such as 
muscle fiber composition and tissue filter properties. Therefore studies using raw EMG 
amplitude in comparisons between groups and/or between days are of limited validity. 
Such comparisons require the EMG amplitude to be normalized which means to be 
expressed in terms o f a signal obtained during standardized and reproducible conditions 
(Mathiassen et al., 1995).
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Bao et al. (1995) state that EMG amplitude can be normalized in order to allow 
comparisons between subjects, days, muscles, or studies. A common normalization 
method is to express EM G activities during occupational tasks as a percentage of the 
electrical activity produced during a maximal voluntary contraction (MVC) (Bao et al., 
1995; Bilodeau et al., 1997; Mathiassen et al., 1995; Oberg, 1995).
Attebrant et al. (1995) suggest a highly standardized and controlled reference 
voluntary contraction (RVE) procedure in studies of occupational work with low load 
levels. The following equation is used to exclude the EMG readings at rest from both 
task EMG readings and also from RVE EMG signals:
. . . . . .  Task EMG - Rest EMG . nRelative Activity = -------------------------------  (2.1)
RVE EMG - Rest EMG
The difference between task EMG and rest EMG signals is divided by the difference 
between RVE EMG and rest EMG signals. This calculation is performed for each raw 
EMG value.
Bao et al. (1995) questioned the use o f maximal contractions because of its 
discomfort and injury risk as well as the difficulty of getting subjects to mobilize their 
maximal force potential. They found that repeatability of Reference Voluntary 
Electrical (RVE) activity and MVC procedures are similar and an RVE procedure is 
found to be less sensitive to fatigue. They also recommend using RVE procedures in 
field studies.
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2.3.2 Electrode location
Loeb and Gans (1986) recommend the following guidelines regarding electrode 
placement:
1. The bipolar electrode should be oriented parallel to the voltage gradient to be 
measured. For nerves and muscle fibers, this means that the electrode contacts 
should lie parallel to the fibers. Bipolar contacts lying equidistant to either side o f a 
muscle fiber passing perpendicular to the line between them will detect no signal.
2. The bipole separation between the contacts (center to center) should be about equal 
to the dipole separation of the sources and sinks to be recorded. The dipole 
separation is the wavelength of the action potential. This value is about 2 to 10 mm 
for most mammalian muscle fibers. However, the electrode center-to-center 
separation is usually kept between 2 to 20 mm.
3. Each recording contact should be as large as feasible. Usually this means at least 
one linear dimension equal to about half the distance between the pair.
4. The several recording contacts should be as similar in size, electrical impedance, 
and physical environment as possible.
5. Specific rules apply to the selective recording or rejection of electrical potentials.
2.3.3 Amplifiers
An amplifier is normally composed of several stages of amplification. These 
stages perform several important functions such as isolation between the signal source 
and recording instrumentation, current to voltage conversion, voltage gain, and noise 
reduction (Gerleman, 1992).
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There are two basic reasons for amplifying a signal. First, amplification makes 
the information-carrying signal large enough so that it is not swamped by electrical 
interference during transmission over a distance. Second, storage or display media such 
as oscilloscopes consume considerable power in the transduction of the electrical signal 
into mechanical or light energy; if the initial signal lacks this power, it is likely to be 
transduced inadequately (Loeb and Gans, 1986).
2.3.4 Root Mean Square (RMS)
The root-mean-square (RMS) voltage is considered to be an effective value of 
quantity of an alternating current. The true RMS value of a myoelectric signal 
measures the electrical power of the signal. The RMS processing method allows 
consistent, valid, and accurate measurements o f noisy, nonperiodic, nonsinusoidal 
signals (Gerleman, 1992).
Mathematically, the RMS value of an EMG voltage is defined as follows:
where E M G  is the value of electrical signal on time domain (t), x  is the point in time
firing, the firing rates o f the motor units, the area o f the motor unit, the motor unit 
duration, the propagation velocity of the electric signal, the electrode configuration, 
and the instrumentation characteristics (LeVeau and Andersson, 1992).
| EMG2(t)dtR M S { E M G (t)}
X
(2.2)
and T  is the fixed time interval. The RMS value depends on the number o f motor units
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Hagberg and Sundelin (1986) investigated the load and discomfort on the upper 
trapezius muscle when operating a word processor. They used an amplitude probability 
distribution function of RMS-detected signals for specific loads and for five-hour work 
periods. They found a static load level o f 3.0% of the MVC for the upper trapezius 
muscle over the length of the work period.
Soderberg et al. (1986) determined the differences in the EMG activity o f the 
posterior musculature o f the trunk for different chair seat inclinations. The data were 
processed with RMS and normalized to the EMG from MVC. They found significant 
differences between postures; the EMG activity was found to be less with greater 
inclination of the chair seat. Again RMS technique was used in the study of EMG 
analysis of a postal sorting task by DeGroot (1987). The loads on three muscles 
including trapezius and deltoid were measured as a function o f location of pigeonholes. 
The top row o f pigeon-holes needed more muscular activity than the others, expressed 
as percentage o f MVC.
Aaras et al. (1997) compared different work postures and studied the effects on 
postural load during VDT work. The loads on trapezius and erector spinae lumbalis 
were measured with EMG using RMS technique. They found out that supporting 
forearms on the tabletop in front of the operator significantly reduced the load on 
trapezius. The use of RMS is recommended by Basmajian and De Luca (1985) and 
considered as a reliable and effective technique.
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2.4 REST PERIODS AND EXERCISES
As Henning (1995, 1997) points out that short rest breaks have the following 
advantages:
• Improving worker productivity and well-being,
• Reducing risk of repetitive strain injuries (RSI),
•  Reducing static loads on the musculoskeletal system,
• Capitalizing on the rapid rate of recovery that occurs during the initial portion of a 
rest period,
• Not compromising a worker’s “adaptation to work.”
The main disadvantage would be disrupting complex computer-based tasks with 
high cognitive demand and long cycle times. In our experiment short rest breaks intend 
to supplement rather than to replace conventional rest breaks..
2.5 SUBJECTIVE DISCOMFORT QUESTIONNAIRE
There are several types of measurements for evaluating the discomforts among 
VDT operators: self reported measures, medical examinations, physiological measures, 
and postural measures (Lu, 1994). A discomfort questionnaire that scales the subjective 
aspects o f physical stress as the perception of exertion and discomfort is widely used in 
both field and laboratory studies (Borg, 1990). In addition to this, the advantage of 
getting important information from sensory organs and conscious perceptions that are 
difficult to measure physically are the reasons to use these questionnaires.
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2.6 DATA ANALYSIS METHODOLOGY
Analysis of variance (ANOVA) models are versatile statistical tools for studying 
the relation between a response variable and one or more explanatory or predictor 
variables. ANOVA compares the variances between two or more groups o f data. In 
ergonomics, the effects o f several work place factors are o f interest. A two-way or 
multi-factor ANOVA is used to evaluate the significance of these effects. In EMG 
studies, the influence o f work place factors o f several muscles is o f interest. After the 
EMG data is normalized, statistical comparisons are performed using analysis of 
variance or multiple analysis of variance (MANOVA). Multiple regression analysis 
techniques are also used to build a model o f the factors that contribute to the EMG 
response. Finally, follow-up post hoc tests (Duncan, Tukey, Newman-Keuls, and 
Scheflfe) help to determine the significant differences between conditions.




The objective o f this research was to design effective work-rest schedules for 
VDT operators performing data entry and mental tasks. Past research shows that 
physiological and psychological discomfort and also performance o f the user are 
affected by various factors including workstation design, work environment, social 
environment, and the user’s characteristics. Figure 3.1 displays the risk factors that 
should be considered regarding the effects o f  VDT work on users. The first factor is 
the job itself including satisfaction with workload, pace, job tasks, career growth, 
usefulness of skills, and promotion possibilities. Second major factor is the environment 
which can be sub-categorized as the work environment (noise, temperature, lighting, 
glare, humidity), workstation design, work/rest schedules, and social environment 
including the relations with the supervisor and coworkers, and capability of the user. 
The third factor is the user himself including demographic characteristics (age, gender, 
height, weight), personal habits (alcohol usage, smoking, caffeine consumption), mood 
states (anxiety, tension, depression, confusion), and medical history. The effects of 
improper job design, work environment, and social environment along with user 
characteristics might cause musculoskeletal and psychological discomforts, eyestrain 
and low performance.
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Figure 3.1 Risk factors and possible effects on VDT user
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According to the literature, appropriate workstation design and work environment 
along with psychosocial improvements including job rotation, job enlargement, and 
work-rest schedules are suggested to minimize these problems. Our consideration is to 
design an effective work/rest schedule that is an economical way to reduce discomfort 
and increase performance o f VDT users. We compared three different schedules for 
VDT users who performed data entry and mental tasks. An experiment was conducted 
in the Human Factors Laboratory at the Department of Industrial Engineering, LSU. 
Ten male senior engineering students volunteered to be subjects. The dependent 
variables consisted of the scores o f subjective discomfort questionnaire, performance 
measures, and electromyographic measurements from trapezius and flexor carpi radialis 
muscles. The independent variables were schedule and type o f the task. The following 
three schedules were considered:
• 60-minute work followed by 10-minute rest (60/10),
• 30-minute work and 5-minute rest (30/5),
• 15-minute work followed by a 30-second rest after every 15 minutes, 3-minute
break after one hour of work, and 14-minute regular break after two hours of 
VDT work (15/micro).
We compared two types of task, data entry and mental task, to decide whether 
the type o f VDT task is an important factor in determining the most appropriate 
work/rest schedule. The duration of the experiment was 150 minutes consisting of 120 
minutes o f VDT work and 30 minutes of rest. Subjects performed light physical 
exercises to stretch their muscles (see section 3.7).
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3.2 EXPERIMENTAL DESIGN
The experiment has a two-factor repeated measures design with a block. 
Repeated measures design provides good precision for comparing treatments because 
o f all sources of variability between subjects are excluded from the experimental error. 
Only variation within subjects enters the experimental error so that any two 
experiments can be compared directly for each subject. The experiment has two 
factors: work/rest schedule and type o f task. Subjects are considered as blocks since 
the subject is a nuisance factor that we are not interested in the difference between 
subjects. The question can be hypothesized whether the altered schedules and type of 
task have significantly different effects on the physiological and psychological 
responses o f VDT users and performance.
Mathematically the hypotheses can be formulated as follows:
. Ho : Ti=0 for all i=l,2,3 
Ho : Pj=0 for all7=1,2 
• Ho : ( tP)ij=0 for all i, j
The mathematical model is as follows:
Yijk £1 + Tj + Pj + ( rfi) ij + 8k + Syk (3-1)
where
Ygk is the value of the dependent variable for schedule /, task j ,  subject k. 
fx is the overall mean, 
t± is the effect of schedule, /=1,2,3 
p j  is the effect of type of task, j=  1,2
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(rffyij is the effect o f interaction between schedule and type of task,
Sic is the effect o f block(subject), k= 1,...,10 
%tis the error term.
A  repeated measures model assumes that the observations Y,jk have constant 
variance, and that any two-treatment observations for the same subject in advance of 
the random trials have constant variance. Any two observations from different subjects 
in advance of the random trials are independent according to the model. All 
observations are normally distributed. Once the subjects are selected, repeated 
measures model assumes that all o f the treatment observations for a given subject are 
independent. Table 3.1 shows the designed expected mean squares for the variables. 
First column displays the sources o f variation including treatments, the interaction 
effect, block, and the error term. Second column has the degrees of freedom (d. f.) for 
each variable in the model.








k Expected Mean Square
4 9 3 2 1 a / +6 a s2
*1 2 0 2 10 cr2+20<f>r
Pi 1 3 0 10 a /+ 3 0 fo
*Pij 2 0 0 10 cr2+10(f>Tp
Sk(ij) 45 1 1 1 cr/
Total 59
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Subjects filled out the questionnaire (Appendix B) at the beginning, after one 
hour, and after two hours o f  VDT work. The questionnaire included the left and right 
sides o f the body discomfort. The following model was considered in order to 
determine the effects o f time and the difference between the sides of the body:
Yijmnk =fSrTi+Pj+Ym+9n+(T:P) ,j+ ( T)')im+(z9) in+ (pY)}m+ (fi6)j„+ ( y9)mn+ ( r/3y) iJm+
( r fO ) , J „ +  ( z y 6 )  imn+(PyO) jm n+(rP yd) ijmn+ 5k  +  s,jmnk (3 .2 )
where
Yjjmnk is the discomfort score for schedule /, task j ,  time m, side n, and subject k, 
H is the overall mean,
Zi is the effect o f schedule, /=1,2,3
P j is the effect of type o f task, j=  1,2
ym is the effect o f time, m=0,l,2
Q„ is the effect o f the side of the body, w=l,2
( xP)ij is the effect of interaction between schedule and type of task,
( xy)m is the effect of interaction between schedule and time,
( z6) in is the effect o f interaction between schedule and side,
(Py)jm is the interaction between task and time,
(PO)jn is the interaction between task and side,
(yQ)mn is the interaction between time and side,
( zPy) ijm is the interaction among schedule, task, and time,
(zpO) ijn is the interaction among schedule, task, and side,
( zy9) mm is the interaction among schedule, time, and side,
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(PyO)pm is the interaction among task, time, and side,
( vfiyd) ijnm is the interaction among schedule, task, time, and side. 
&  is the effect o f block(subject), fc=l,...,10 
Eijtmk is the error term.
The expected mean square values can be determined and displayed in Table 3.2. 
The effects of schedule, task, time, and side are considered as fixed whereas the effect 
o f  subject is considered as random.















8k 9 3 2 3 2 1 g/+ 3 6 gs2
Vi 2 0 2 3 2 10 g/+ I2 O 0 t
P i 1 3 0 3 2 10 a 2+18O0p
Ym 2 3 2 0 2 10 ap+120<pr
en 1 3 2 3 0 10 cre2+ I8 0 fo
Vpij 2 0 0 3 2 10 ap+60<f)xp
vym 4 0 2 0 2 10 a Z + 4 0 0 ^
v6in 2 0 2 3 0 10 Ge +600x0
PYjm 2 3 0 0 2 10 G?+6O0fr
P@jn 1 3 0 3 0 10 G 2+9O0po
Y@mn 2 3 2 0 0 10 G 2+6O0y0
XPYijm 4 0 0 0 2 10 G 2+2O0xfr
vPdijn 2 0 0 3 0 10 g 2+300x^0
Vy&jmn 4 0 2 0 0 10 g 2+2O0TY0
Pyfymn 2 3 0 0 0 10 G 2+3O0fr0
vPY@ijmn 4 0 0 0 0 10 G 2+10 0xfiy0
Ek(ijmn) 315 1 1 1 1 1 cr/
Total 359
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3.3 INDEPENDENT VARIABLES
The work-rest schedule {r,, i= I,2 ,3} is a treatment with three levels in which 
the total working period is 120 minutes and the total resting period is 30 minutes. 
Tables 3.3-3.5 show these three schedules and include the time for filling out the 
questionnaires, the time for taking the EMG measurements, and exercises. Second 
treatment, type of task {$; j = I , 2 ) ,  has two levels, which are the data entry task and 
mental task. The data entry task includes typing alphanumeric characters to Microsoft 
Access form. Figure 3.2 displays a sample from data entry task. Subjects entered a 
phone directory including last name, first name, and seven digits phone number o f the 
person into a Microsoft Access form as given in Figure 3.3. We selected this task 
because entering alphanumeric data is very common in actual office environments. The 
mental task required subjects to do simple arithmetic calculations that were easy to 
perform in the mind (Figure 3.4). A random number generator created the two digit 
numbers and arithmetic operators. Subjects pressed either the page down or the down 










Figure 3.2 A sample from data entry task
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Table 3.3 Experimental Schedule 1 (60-minute work/10-minute rest)
KBWB
60 MIN WORK, 5 EMG (1st minute, 14th 
minute, 29th minute, 44th minute, 59th 
minute)
f i's'
w m m rnam im M m ,* f ' v' V A V
60 MIN WORK, 5 EMG
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Experimental Schedule 2 (30-minute work/5-minute rest)
ymm
i, *t<, J 6'i'f
30 MIN WORK, 3 EMG (1st minute, 
14th minute, 29th minute)
EXERCISE
30 MIN WORK, 3 EMG
5 MIN REST, .QUESTIONNAIRE,
........EXERCISE
30 MIN WORK, 3 EMG
K AjfcKv'lw J&1&&
30 MIN WORK, 3 EMG
EXERCISE, EMG and RVE EMG
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Experimental Schedule 3 (15-minute work/micro breaks)
15 MIN WORK , 2 EMG (1st minute, 
14th minute)
30 SECOND REST ' -  - g j f j
15 MIN WORK, 2 EMG
30 SECOND REST ___________
15 MIN WORK, 2 EMG
30 SECOND REST
15 MIN WORK, 2 EMG
15 MIN WORK, 2 EMG
30 SECOND REST
15 MIN WORK, 2 EMG
30 SECOND REST
15 MIN WORK, 2 EMG
15 MIN WORK, 2 EMG
14 MIN REST, , EXERCISE,
, v s . »  , f t  w  ■' *  V  ̂ ^  /  /  #^s<! <.<•«'/ V  / ?  ■*
QUESTIONNAIRE' EMG and R ¥E ....
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Figure 3.4 Example for mental task
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3.4 SUBJECTS
The experiment was performed in Human Factors Engineering Laboratory, 
Louisiana State University with ten male college students with a mean age o f 23 (Table
3.6). The sample size was determined by using an estimate from the pilot study we 
performed previously and also by reviewing the previous studies. The pilot study 
included two different schedules with same dependent variables. A sample size of 
eleven was obtained for one percent level of significance and 93 percent power using 
operating characteristics curves (Pearson and Hartley, 1972). In addition to this 
estimation, the average of sample sizes in similar studies (Asfour, 1987; Boucsein et al., 
1995; Kopardekar and Mital, 1995; Zwahlen et al., 1994) was calculated as 9.25. We 
determined the sample size of ten considering this average and also limited time o f the 
research.
All of the subjects were right handed. Subjects signed an informed consent form 
in accordance with the university guidelines for the protection o f human subjects 
(Appendix A). The consent form included the objective o f the experiment, the number 
and duration o f the experimental sessions, experimental protocol, and basic description 
of electromyography (EMG).
Table 3.6 Subjects’ demographic characteristics
Variable Mean Standard Deviation Range
Age 23.00 2.54 20-29
Height (cm) 177.68 7.08 169-190
Weight (kg) 76.68 10.95 58-90
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3.5 CONTROLLED VARIABLES
Table 3.7 displays the variables that were controlled during each experimental 
session regardless o f subject or schedule/task combination. The characteristics of work 
environment and workstation design were adjusted according to the OSHA Publication 
3092 (OSHA, 1997).
Table 3.7 Controlled Variables
Variable Adjustment
Seat height Adjustable to have horizontal thighs, vertical lower legs, firmly planted feet on the floor.
Arm rests
Adjustable to have 100-110 degree angle at elbow when 
hands are on the keyboard.
Keyboard height and 
angle Neutral positioned wrists, no wrist-rest when keying
Screen height Adjustable to have slightly downward angled head, 25 inches distance between eyes and monitor.
Temperature 70-75 degrees Fahrenheit
Lighting Fluorescent lighting was used. Illuminance was 332 lux.
Screen orientation Screen was oriented to minimize glare and reflections.
3 .6  DEPENDENT VARIABLES
Dependent variables that are considered as a function of schedule, task, and 
their interaction are as follows:
1. Scores of subjective discomfort questionnaire: Subjectively measures the visual, 
general body and dexterity fatigue (see Appendix B).
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2. Performance: The ratio of correctly typed words and the total number o f words to 
be typed for the work duration is used to measure the performance o f the data entry 
task. Similarly, the ratio of correctly answered problems and the total number of 
problems is considered as an indicator for the mental task performance.
3. Electromyography (EMG) measurements for right upper trapezius: Mathiassen et 
al. (1995) indicate that recordings of surface EMG amplitude are extensively used 
in ergonomic studies to assess the internal biomechanical activity o f the shoulder- 
neck region. We selected the upper trapezius muscle because it is widely accepted 
that upper trapezius muscle is a prevalent site of work-related pain and also the 
muscle is easily accessible with surface electrodes.
4. EMG measurements for dominant arm flexor carpi radialis (FCR): Similarly, in 
order to have an objective measure o f muscular activity in the arms that are 
commonly affected by prolonged VDT work, the flexor carpi radialis was selected 
for electrical activity measurement.
3.6.1 The Design of the Subjective Discomfort Questionnaire
A questionnaire was designed to get subjective evaluation of the discomfort 
levels in the upper and lower extremities in addition to eyestrain, and psychological 
factors. A zero to ten-point scale was used to measure the discomfort where ten 
indicates the worst imaginable discomfort and zero indicates no discomfort. A body 
map was used for subjects to have a common understanding o f body parts (Figure 3.5).
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Another section was used to record subjects' evaluation regarding workstation 
design and work environment (Appendix B). Subjects filled out this form at the end of 
each session to verify that the workstation design and environment were comfortable.
Shoulder
U pper Back





B A C K
Figure 3.5 Body map used in the discomfort questionnaire
3.6.2 EMG Protocol
The skin was cleaned with alcohol swabs saturated with 70 %  isopropyl 
alcohol. Beckman O2 electrolyte gel was used. Silver disk electrodes (Astro-Med, Inc. 
Grass Instrument Division) were used along with electrode collars (Grass Model 
EC519). The distance between the electrodes was 20 mm. The electrodes for flexor 
carpi radialis were centered around the mid-point on a line from the lateral aspect o f the 
biceps tendon at the elbow crease to the pisiform bone. The ground electrode was 
placed on the elbow (Figure 3.6).
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Figure 3.6 Placement of electrodes on FCR (Basmajian, 1983).
The electrodes for trapezius were centered in a small oval area (about 4 cm 
long) with its long axis horizontal halfway between the angle o f the acromion and easily 
felt spine on C7 vertebra. The ground electrode was placed on C7 vertebra (Figure
3.7). Measurements were taken with a high performance AC Preamplifier (Model 511 
by Grass Instruments). Signals were processed with DT VEE for Windows by Data 
Translation Incorporated. Figure 3.8 displays the experimental layout. Subjects entered 
the data or solved the problems using a computer. Electrodes were connected to the 
EMG amplifier. An oscilloscope was also connected to the amplifier. The analog 
signals were converted to the digital with Grass Instruments CPX 7D analog-to-digital 
(A/D) board.
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The raw data were acquired, saved, and processed using DT VEE data 
acquisition and processing software loaded in the second computer. The signal was 
filtered by a band pass filter from 30 to 300 Hz, amplified by a two-step variable gain 
amplifier, sampled at 1000 Hz. The Root Mean Square (RMS) value o f the myoelectric 
signal was calculated for each second during the measurement.
Figure 3.7 Placement of electrodes on trapezius (Basmajian, 1983)











Figure 3.8 Experimental layout
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3.6.3 Reference Voluntary Electrical (RVE) Activity
Reference Voluntary Electrical (RVE) activity was measured at the beginning 
and at the end of each experimental session. The subject sat in a chair and held his 
dominant arm straight out and elevated it to 90 degrees in the scapular plane holding a 
load o f 1 Vt. lb. as isometric contraction procedure. Electromyographic measurements 
were taken for 15 seconds. Figure 3.9 represents the position o f subject for RVE. The 
joint force and moment values for an average American male were calculated using 
Mannequin HumanCad software and given in Figure 3.10. Surface EMG from trapezius 
and flexor carpi radialis (FCR) quantified the muscle load of the neck and shoulder.
(a) Side view (b) Top view
Figure 3.9 Position of the subject for RVE measurement
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Figure 3.10 Joint force and moment values o f reference voluntary activity for an
average American male.
The total number of raw RVE data was 15,000 with a sampling rate of 1,000 
Hz and the duration o f 15 seconds. We created DT VEE programs to receive and save 
the raw data (Appendix D) and to compute the root mean square (RMS) values for 
each second, and to calculate the average o f these 15 RMS values (Appendix E). We 
performed this calculation for each RVE that was measured at the beginning and at the 
end of the session. Consequently, the percentage change of these two RMS values was 
calculated using Equation 3.3 to determine the increase or decrease in RMS during the 
experimental session.
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Although an EMG measurement was taken at every 15th minute o f the session 
in addition to the resting value at the beginning and lasting value at the end in order to 
compare the schedules, no statistical analysis was utilized. Despite our attempts to 
exclude the dynamic artifacts by visually examining the signals and to perform the 
smoothing techniques, we could not verify that the signals did not include any dynamic 
motions.
Since the RVE measurements did not include dynamic motion, the change in 
root mean square values o f RVE measurements between the beginning and the end of 
the experimental session was compared for each schedule and task combination. The 
following equation was used:
RVEr-RVEi
Change in  R M S  values o f  RVE= (3.3)
RV E ,
where RVEj is the RMS value of the RVE activity at the beginning o f the session, and 
RVE2 is the RMS value of the RVE activity at the end o f the session.
3.6.4 Calculation of Speed, Accuracy, And Performance
The speed o f subjects for each session was calculated by the following formula:
T,
S, = ---------------- (3.4)
Tm ax
where Tt is the total number of problems that the subject answered (or the data lines 
entered), Tmax is the overall maximum output among subjects (493 problems for mental 
task, and 2,925 data lines for data entry task), and S, is the relative speed o f the subject. 
Accuracy of the task was calculated as follows:
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C,
A ,= ---------------  (3.5)
Tt
where A, is the accuracy o f the subject / for the task, C, is the number of correct 
answers that the subject had (or the accurate lines subject entered), and Tt is the total 
number o f problems that the subject answered (or the data lines entered). Performance 
was calculated by multiplying the speed and accuracy. In other words, the ratio 
between the number of correct answers (or lines) and overall maximum problems 
answered (or data lines entered) was calculated:
C ,
P, = Si A t = ---------------  (3 .6 )
Tmax
where P, is the performance that is the combination of speed and accuracy.
3.7 PHYSICAL EXERCISES
Exercising during the breaks has the advantages of stretching the affected 
muscle groups to stimulate blood circulation, and reducing the lactic acid concentration 
in these muscle groups caused by postural rigidity. Another advantage is to increase the 
breathing rate to assist in the oxygenation of lactic acid back into glycogen to fuel new 
muscular activity (Thompson, 1990). Exercising also promotes better posture and 
mobilizes the spine to help relieve stress on the lower back muscles. These advantages 
encouraged us to include particular exercises during the break periods in the 
experiment. These exercises conformed to the recommendations given in the study by 
Lee et al. (1992) regarding their easy applicability in offices, and simplicity to perform. 
Subjects performed the following exercises during specified break periods:
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
4 9
• H and exercises: The subject tightly clenched his hand into a fist and released, fanning 
out the fingers. He repeated this exercise three times.
• Head/Heck exercises: The subject tucked his chin in while holding the face level, did 
not tilt his face forward; held for three seconds, and then relaxed. He repeated this 
exercise five times. The second exercise was to cross the fingers of the hands in front of 
the body making an egg shape by allowing his neck to stretch more towards each 
shoulder. This exercise was repeated five times.
• Back and shoulder exercises: The subject stood up straight and placed his hands on 
the hips and bent backward at the waist gently. The second exercise was to touch the 
fingertips of the hands together just behind the top o f his head without letting his hands 
touch his head, move his elbows in a backwards direction, and hold for five seconds and 
then relax.
3.8 STATISTICAL PROTOCOL
Hummel-Sligo procedure (Hummel and Sligo, 1971) is followed in our analysis 
that first suggests performing a preliminary multiple analysis of variance (MANOVA) 
test. Assuming a significant MANOVA test at a five-percent level of significance, 
separate ANOVA tests are applied to the each dependent variable. Routine use of 
ANOVA for each dependent variable, following a significant overall MANOVA, results 
in probability values that are close to the desired alpha level. I f  the major four 
MANOVA test criteria (Roy’s greatest root, Wilk’s lambda, Lawley-Hotelling trace, 
and Pillai’s trace) were not equal, Wilk’s lambda was selected as the MANOVA test 
criterion in our data analysis.
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Wilk’s lambda is considered as the maximally sensitive criterion when two or 
more dimensions are contained in the set of dependent variables and are of relatively 
equal importance in accounting for the trace. When a significant interaction is found 
implying the simple effects o f either independent variable are not the same, an 
examination o f simple effects are undertaken to establish statistically the nature of these 
different patterns of results (Montgomery, 1996). We analyzed the simple main effects 
using the program included in Appendix F with SAS statistical software, release 6.12. 
We performed Duncan’s multiple range test to compare all pairs of means. The 
procedure is as follows (Ott, 1993): The sample means are ranked from lowest to the 
highest. I f  the two sample means are r  steps apart, the protection level is ( l -a ) r'1 , 
where a  is the level of significance specified for two adjacent means. The error rate 
that is the probability o f falsely rejecting the equality of two population means when the 
sample means are r  steps apart becomes l - ( l - a ) r l . Two population means are declared 
significantly different if the absolute value of their sample differences exceeds
= 9 .  <3 ' 7>
where n  is the number of observations in each sample mean, (sy/)2 is the means square 
within samples obtained from the analysis of variance table, v is the number of degrees 
of freedom for (sw) 2, and q a (r, v) is the critical value of the studentized range required 
for Duncan's procedure when the means being compared are r  steps apart. Duncan's 
multiple range test is effective at detecting differences between means when real 
differences exist.
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3.9 RANDOMIZATION
Subjects performed all of the six treatment combinations in a randomized order. 
We created a SAS program to randomize the order o f these six combinations for each 
subject (Appendix C). We created three separate files for each task. A  similar SAS 
program was used to randomly assign these tasks to  each subject so that every subject 
performed different tasks for different treatment combination in order to eliminate the 
memorization effect. Table 3.8 displays the random assignment of subjects to different 
treatments and tasks.

















Table 3.8 Random assignment of subjects to treatment combinations and different task files
Subject 1 30/5-Mental 15/Micro-Mental 60/10-Data Entry 30/5-Data Entry 60/10-Mental 15/Micro-Data Entry
Task File Number 1 3 3 2 2 1
Subject 2 30/5-Data Entry 30/5-Mental 15/Micro-Data Entry 60/10-Data Entry 15/Micro-Mental 60/10-Mental
Task File Number 3 1 1 2 3 2
Subject 3 15/Micro-Data Entry 30/5-Mental 60/10-Mental 60/10-Data Entry 30/5-Data Entry 15/Micro-Mental
Task File Number 3 3 1 1 2 2
Subject 4 30/5-Mental 60/10-Data Entry 15/Micro-Mental 15/Micro-Data Entry 60/10-Mental 30/5-Data Entry
Task File Number 3 3 1 2 2 1
Subject 5 15/Micro-Mental 60/ 10-Data Entry 30/5-Data Entry 60/10-Mental 30/5-Mental 15/Micro-Data Entry
Task File Number 2 2 3 1 3 1
Subject 6 60/10-Data Entry 15/Micro-Data Entry 15/Micro-Mental 30/5-Mental 30/5-Data Entry 60/10-Mental
Task File Number 3 1 2 1 2 3
Subject 7 15/Micro-Data Entry 60/10-Data Entry 30/5-Mental 15/Micro-Mental 30/5-Data Entry 60/10-Mental
Task File Number 1 3 2 3 2 1
Subject 8 15/Micro-Data Entry 15/Micro-Mental 60/10-Mental 30/5-Mental 60/10-Data Entry 30/5-Data Entry
Task File Number 1 3 2 1 2 3
Subject 9 15/Micro-Data Entry 30/5-Mental 60/10-Mental 30/5-Data Entry 60/10-Data Entry 15/Micro-Mental
Task File Number 3 1 2 1 2 3
Subject 10 60/10-Data Entry 30/5-Data Entry 15/Micro-Data Entry 15/Micro-Mental 60/10-Mental 30/5-Mental




The results were first analyzed using multiple analysis o f variance (MANOVA) 
with SAS 6.12 statistical software to see the overall effect of the independent variables 
and their interactions. When the overall effect was found to be significant considering 
Wilks’ lambda criterion at the five-percent level, separate analyses o f variance were 
performed for each of the dependent variables. When there was a significant 
interaction, analysis o f simple main effects was performed. Duncan’s multiple range 
test was also used to compare the means. The results are reported in the order of 
questionnaire scores, performance measures, and EMG readings including the figures 
that compared the schedules, separate ANOVA results followed by significant 
MANOVA results, and Duncan’s multiple range test results.
4.1 SUBJECTIVE DISCOMFORT SCORES
Figures 4.1-4.6 display the discomfort questionnaire scores that were filled out 
at the end o f the each session according to schedules for data entry and mental task, 
respectively. Figure 4.1 displays the discomfort in upper extremities for data entry 
task. The 60/10 schedule caused the highest discomfort in all upper extremities. The 
minimum discomforts in the neck, shoulders, lower back, chest, elbows and arms were 
caused by 15/micro schedule for data entry task.
Figure 4.2 displays the discomfort in lower extremities for data entry task. The 
60/10 schedule caused the minimum discomforts in the knee, lower leg, and ankle.
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Discomfort Category
Figure 4.1 Discomfort in upper extremities 
for data entry task
□  60/10 





Thigh Knee Lower Leg Ankle 
Discomfort Category
Figure 4.2 Discomfort in lower extremities 
for data entry task
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Figure 4.3 Eye related discomfort and psychological 
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Figure 4.4 Discomfort in upper extremities 
for mental task
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Figure 4.6 Eye related discomfort ad psychological 
discomfort for mental task
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However, the same schedule caused the highest discomfort in the thigh. The 30/5 and 
15/micro schedules caused the minimum discomfort in the thigh. The highest eyestrain 
and blurred vision for data entry task were caused by 60/10 schedule (Figure 4.3). The 
minimum eye discomfort was resulted with 30/5 schedule followed by 15/micro 
schedule. The maximum tiredness and dizziness were caused by 30/5 schedule. There 
was almost no difference among schedules in terms o f nervousness and headache. The 
60/10 and 15/micro schedules caused the minimum dizziness and tiredness for data 
entry task. Figures 4.4-4.6 display the discomfort scores for mental task.
Similar to data entry task, the 60/10 schedule caused the highest discomfort in 
the neck, shoulder, lower back, upper back, elbow, arm, hand, and wrists. The 
15/micro schedule resulted with the minimum discomfort in upper back, elbow, arm, 
hand, and wrists (Figure 4.4). Discomfort scores for lower extremities are displayed in 
the Figure 4.5. The highest discomforts in the knee, lower leg, and ankle were caused 
by the 60/10 schedule; however, it resulted in the lowest discomfort in thigh. The 
15/micro schedule caused the minimum discomfort in the knee, and lower leg (Figure 
4.5).
The maximum eye discomfort was caused by the 60/10 schedule. The 30/5 
schedule resulted with the minimum eye discomfort followed by 15/micro schedule. 
The minimum psychological discomfort including nervousness, dizziness, and 
tiredness was caused by the 60/10 schedule. The minimum level o f headache was 
experimented with 30/5 and 15/micro schedules for mental task (Figure 4.6).
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Multiple analysis o f variance was performed to see the overall effects of 
schedule (vh i= 1,2,3), task (fy, j= l ,2 ) ,  time (ym, m = 0 ,l,2 ), and left/right side o f the 
body (&m n= J,2) on discomfort categories. Multiple analysis o f variance (MANOVA) 
test criteria and levels of significance (p-values) are displayed in Table 4.1.
The overall effects of schedule, task, time, their two-way interactions, and the 
three-way interaction were all significant at 0.0001 level o f significance except that 
the interaction between task and time was significant at 0.0018 level. ANOVA results 
for the two and three-way interactions are given in Tables 4.2-4.4.
The effect o f schedule and task interaction was statistically significant on 
discomfort in the chest, elbows and arms, knee, and headache. The effect o f schedule 
and time interaction was significant on discomfort in the neck, shoulder, upper back, 
chest, and headache. The effect o f interaction between task and time was significant 
on discomfort in the shoulder, chest, and thigh. The three-way interaction was 
significant on the discomfort in the chest.
Table 4.5 displays Pearson correlation coefficients among questionnaire items. 
There is a highly significant correlation between discomfort in neck and shoulder, 
upper back and shoulder, shoulder and elbow/arm, hand/wrist and elbow/arm, neck 
and eyestrain, nervousness and dizziness, eyestrain and blurred vision, shoulder and 
hand/wrist, upper back and tiredness, etc.
4.1.1 Analysis of Simple M ain Effects
Analysis o f simple main effects was performed since significant interactions 
were found as the result of MANOVA.
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Table 4.1 Summary o f multiple analysis of variance for questionnaire variables
Wilk’s lambda





Schedule 0.6439 4.3298 34 598 0.0001
Task 0.7732 5.1581 17 299 0.0001
Time 0.3372 12.699 34 598 0.0001
Side 0.9674 0.5920 17 299 0.8974
Schedule * Task 0.6456 4.3008 34 598 0.0001
ScheduIe*Time 0.6176 2.2589 68 1175.68 0.0001
Schedulers ide 0.9866 0.1195 34 598 1.0000
Task * Time 0.8144 1.9007 34 598 0.0018
Task * Side 0.9938 0.1100 17 299 1.0000
Time * Side 0.9733 0.2398 34 598 1.0000
Schedule * Task * Time 0.6419 2.0676 68 1175.68 0.0001
Schedule * Time * Side 0.9633 0.1654 68 1175.68 1.0000
Schedule * Task * Side 0.9546 0.4133 34 598 0.9988
Task * Time * Side 0.9894 0.0936 34 598 1.0000
Schedule * Task * Time * 
Side
0.9531 0.2131 68 1175.68 1.0000
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Table 4.2 Results o f analysis o f  variance with upper extremity discomfort
categories as dependent variables (Significant p-values at five-percent 










F 9.02 9.69 6.82 8.83 6.39 9.00 8.75
Pr>F 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
Schedule
F 6.23 0.34 3.54 3.93 1.11 3.31 0.18
Pr>F 0.0022 0.0001 0.0303 0.0205 0.3316 0.0379 0.8364
Task
F 4.53 20.99 0.40 0.46 25.96 3.45 6.95
Pr>F 0.0340 0.0001 0.5257 0.4960 0.0001 0.064 0.0088
Time
F 96.80 89.46 64.09 69.53 26.08 68.58 86.04
Pr>F 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
Side
F 1.63 3.81 0.49 0.57 0.01 2.99 1.96
Pr>F 0.2024 0.0519 0.4831 0.4494 0.9205 0.0849 0.1628
Schedule * Task
F 0.24 0.10 0.81 1.40 9.73 2.24 0.44
Pr>F 0.7883 0.9025 0.4476 0.2486 0.0001 0.1079 0.6420
Schedule * Time
F 1.97 2.09 1.46 2.55 5.81 1.35 0.32
Pr>F 0.0984 0.0823 0.2142 0.0395 0.0002 0.2511 0.8623
Schedule * Side
F 0.03 0.01 0.06 0.02 0.07 0.43 0.11
Pr>F 0.9739 0.9875 0.9383 0.9815 0.9325 0.6518 0.8926
Task * Time
F 1.14 5.25 0.81 0.27 10.45 0.96 1.77
Pr>F 0.3220 0.0057 0.4476 0.7628 0.0001 0.3839 0.1715
Task * Side
F 0.08 0.72 0.01 0.21 0.01 0.47 0.29
Pr>F 0.7767 0.3968 0.9202 0.6498 0.9205 0.4940 0.5909
Time * Side
F 0.50 1.15 0.16 0.25 0.07 0.79 0.60
Pr>F 0.6055 0.3191 0.8485 0.7782 0.9325 0.4566 0.5518
Schedule * Task 
* Time
F 0.19 0.15 1.48 0.90 6.98 0.73 0.52
Pr>F 0.9461 0.9636 0.2080 0.4634 0.0001 0.5695 0.7221
Schedule * Time 
* Side
F 0.05 0.16 0.13 0.17 0.04 0.37 0.30
Pr>F 0.9948 0.9578 0.9724 0.9550 0.9970 0.8292 0.8783
Schedule * Task 
♦Side
F 0.48 0.40 0.07 0.08 0.07 0.35 0.67
Pr>F 0.6209 0.6697 0.9320 0.9215 0.3325 0.7066 0.5149
Schedule ♦ Time 
♦ Side
F 0.02 0.44 0.14 0.09 0.01 0.12 0.09
Pr>F 0.9764 0.6415 0.8658 0.9136 0.9901 0.8831 0.9122
Task ♦ Time ♦ 
Side
F 0.13 0.10 0.07 0.22 0.07 0.18 0.29
Pr>F 0.9730 0.9818 0.9901 0.9287 0.9911 0.9509 0.8811
Schedule+Task* 
Time^ Side
F 18.92 21.82 16.34 24.53 12.07 25.00 21.14
Pr>F 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
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Table 4.3 Results o f analysis o f variance with lower extremity discomfort
categories as dependent variables (F value and corresponding level o f 
significance)
Thigh Knee Lower leg Ankle
Model
F value 6.44 7.29 10.07 9.74
Pr>F 0.0001 0.0001 0.0001 0.0001
Schedule
F value 0.17 0.98 0.54 0.26
Pr>F 0.8446 0.3760 0.5833 0.7694
Task F value
10.07 5.24 0.38 0.57
Pr>F 0.0017 0.0001 0.5354 0.4491
Time
F value 29.9 20.15 30.47 27.45
Pr>F 0.0001 0.0001 0.0001 0.0001
Side
F value 0.22 0.00 0.00 0.00
Pr>F 0.6357 0.9595 0.9620 1.0000
Schedule * Task
F value 0.20 3.64 3.64 4.79
Pr>F 0.8225 0.0273 0.0274 0.0090
Schedule * Time
F value 0.26 0.63 0.22 0.08
Pr>F 0.9030 0.6402 0.9279 0.9880
ScheduIe*Side F value
0.07 0.00 0.00 0.00
Pr>F 0.9369 0.9974 0.9977 1.0000
Task*Time
F value 2.54 1.31 0.38 0.28
Pr>F 0.0806 0.2706 0.6808 0.7586
Task * Side
F value 2.540 0.00 0.00 0.00
Pr>F 0.0803 0.9595 0.9620 1.0000
Time*Side
F value 0.06 0.00 0.00 0.00
Pr>F 0.9444 0.9974 0.9977 1.0000
Schedule*Task*
Time
F value 0.25 1.18 1.61 1.46
Pr>F 0.9111 0.3193 0.1719 0.2150
Schedule * Side 
* Time
F value 0.02 0.00 0.00 0.00
Pr>F 0.9994 1.0000 1.0000 1.0000
Schedule * Task 
♦Side
F value 0.10 0.00 0.00 0.00
Pr>F 0.9075 0.9974 0.9977 1.0000
Task*Side*Time
F value 0.02 0.00 0.00 0.00
Pr>F 0.9829 0.9974 0.9977 1.0000
Schedule*Task#
Time^Side
F value 0.03 0.00 0.00 0.00
Pr>F 0.9988 1.0000 1.0000 1.0000
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Table 4.4 Results o f analysis o f variance with eye discomfort and psychological

































F value 15.35 12.25 2.80 9.14 10.53 6.22
Pr>F 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
Schedule
F value 2.83 1.34 0.93 2.88 0.66 3.72
Pr>F 0.0607 0.2642 0.3974 0.0576 0.5194 0.0254
Task
F value 2.43 2.12 2.08 0.51 4.77 0.02
Pr>F 0.1198 0.1468 0.1500 0.4754 0.0298 0.8914
Time
F value 151.07 120.02 19.50 57.56 139.34 39.98
Pr>F 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
Side
F value 0.00 0.01 0.00 0.00 0.00 0.00
Pr>F 0.9681 0.9110 1.0000 1.0000 1.0000 1.0000
Schedule * Task
F value 0.06 1.28 0.17 0.25 0.17 5.79
Pr>F 0.9395 0.2792 0.8408 0.7810 0.8436 0.0034
Schedule * Time
F value 5.75 4.92 1.06 0.77 0.33 1.94
Pr>F 0.0002 0.0007 0.3785 0.5428 0.8589 0.1035
Schedule * Side
F value 0.00 0.01 0.00 0.00 0.00 0.00
Pr>F 0.9984 0.98 1.0000 1.0000 1.0000 1.0000
Task * Time
F value 0.64 0.54 0.52 0.15 1.21 0.35
Pr>F 0.5281 0.5843 0.5946 0.8594 0.2997 0.7041
Task * Side
F value 0.00 0.00 0.00 0.00 0.00 0.00
Pr>F 0.9681 0.9703 1.0000 1.0000 1.0000 1.0000
Time * Side
F value 0.00 0.01 0.00 0.00 0.00 0.00
Pr>F 0.9984 0.9876 1.0000 1.0000 1.0000 1.0000
Schedule * Task * 
Time
F value 0.05 0.33 0.95 0.25 0.55 1.46
Pr>F 0.9948 0.8570 0.4327 0.9112 0.6968 0.2141
Schedule * Side * 
Time
F value 0.00 0.01 0.00 0.00 0.00 0.00
Pr>F 1.0000 0.9997 1.0000 1.0000 1.0000 1.0000
Schedule * Task * 
Side
F value 0.00 0.00 0.00 0.00 0.00 0.00
Pr>F 0.9984 0.9986 1.0000 1.0000 1.0000 1.0000
Task * Time*Side
F value 0.00 0.00 0.00 0.00 0.00 0.00
Pr>F 0.9984 0.9986 1.0000 1.0000 1.0000 1.0000
Schedule * Task * 
Time *Side
F value 0.00 0.00 0.00 0.00 0.00 0.00
Pr>F 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

















Table 4.5 Pearson correlation coefficients among questionnaire items
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 Neck
2 Shoulder 0.802
3 Lower Back 0.729 0.678
4 Upper Back 0.757 0.755 0.719
5 Chest 0.534 0.633 0.621 0.576
6 Elbow Arm 0.633 0.738 0.633 0.691 0.541
7 Hand Wrist 0.671 0.722 0.598 0.697 0.527 0.871
8 Thigh 0.661 0.726 0.722 0.726 0.631 0.678 0.642
9 Knee 0.569 0.598 0.614 0.645 0.633 0.672 0.629 0.709
10 Lower leg 0.575 0.604 0.634 0.687 0.604 0.745 0.679 0.717 0.924
11 Ankle 0.532 0.554 0.617 0.651 0.594 0.732 0.678 0.689 0.914 0.968
12 Eyestrain 0.714 0.729 0.731 0.705 0.610 0.692 0.689 0.673 0.527 0.569 0.567
13 Blurred
vision
0.665 0.716 0.729 0.734 0.639 0.677 0.677 0.694 0,536 0.576 0.589 0.956
14 Nervousness 0.229 0.271 0.197 0.248 0.07** 0.312 0.301 0.11 * 0.254 0.249 0.268 0.226 0.249
15 Dizziness 0.643 0.609 0.609 0.682 0.559 0.688 0.693 0.587 0.721 0.744 0.787 0.732 0.750 0.328
16 Tiredness 0.699 0.663 0.670 0.724 0.409 0,619 0,639 0.552 0.509 0.525 0.536 0.732 0.733 0.439 0.705
17 Headache 0.458 0.494 0.529 0.518 0.226 0.547 0.466 0.372 0.372 0.383 0.363 0.491 0.491 0.429 0.449 0.594
* p<0.05 no star: p<0.0001, ** not significant
6 4
Appendix G displays the simple main effects for the following significant 
interactions:
Schedule and Task ( zt and
• Schedule and Time (rt and Ym)
• Task and Time (Pj and Ym)
Schedule, Task, and Time (zt , P j, Ym)
The results of this analysis are as follows:
1. The effect of schedule and task interaction on neck discomfort
Task did not behave differently on various levels of schedules.
Schedule effect was different on both data entry and mental tasks.
2. The effect of schedule and task interaction on shoulder discomfort
Task behaved differently under different schedules.
However the effect o f schedule was the same for both o f tasks.
3. The effect of schedule and task interaction on lower back discomfort
Task did not behave different under different schedules.
Schedule effect was different on both data entry and mental tasks.
4. The effect of schedule and task interaction on upper back discomfort
Task did not behave different under different schedules.
Schedule effect was different on mental task.
5. The effect of schedule and task interaction on chest discomfort
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Task behaved differently under different schedules; schedule effect was 
different on data entry task at 0.0004 level, and different on mental task at 
0.0579 level.
6. The effect of schedule and task interaction on elbow/arm discomfort
Task behaved differently on 30/5 schedule. Schedule effect was different on 
mental task.
7. The effect of schedule and task interaction on hand/wrist discomfort
Task behaved differently on 15/micro schedule. Schedule effect was not 
different on task.
8. The effect of schedule and task interaction on thigh discomfort
Task behaved differently on 60/10 schedule. Schedule effect was not different 
on tasks.
9. The effect of schedule and task interaction on knee discomfort
Task behaved differently on 30/5 and 15/micro schedules. Schedule effect was 
different on data entry task.
10. The effect of schedule and task interaction on lower leg discomfort
Task did not behave different. Schedule effect was different on mental task.
11. The effect of schedule and task interaction on ankle discomfort
Task behaved differently on 30/5 schedule. Schedule effect was different on 
mental task.
12. The effect of schedule and task interaction on blurred vision
Task behaved differently on 60/10 schedule. Schedule effect was not different 
on tasks.
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13. The effect o f schedule and task interaction on headache
Task behaved differently on 60/10 schedule. Schedule effect was different on 
mental task.
14. The effect o f schedule and time interaction on neck discomfort
Time variable behaved differently on all schedules. Schedule effect was also 
different on all time levels.
15. The effect o f schedule and time interaction on shoulder discomfort
Time variable behaved differently on all schedules. Schedule effect was 
different at the end of two hours.
16. The effect of schedule and time interaction on lower back discomfort
Time variable behaved differently on all schedules. Schedule effect was 
different at the end of two hours.
17. The effect of schedule and time interaction on upper back discomfort
Time variable behaved differently on all schedules. Schedule effect was 
different at the end of one and two hours.
18. The effect o f schedule and time interaction on chest discomfort
Time variable behaved differently on all schedules. Schedule effect was 
different at the end of two hours.
19. The effect o f schedule and time interaction on elbow/arm discomfort
Time variable behaved differently on all schedules. Schedule effect was 
different at the end of two hours.
20. The effect of schedule and time interaction on hand/wrist discomfort
Time variable behaved differently on all schedules.
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Schedule effect was not different on any of the time levels.
21. The effect o f schedule and time interaction on thigh discomfort
Time behaved differently on all schedules. Schedule effect was not different.
22. The effect o f schedule and time interaction on knee discomfort
Time variable behaved differently on all schedules. Schedule effect was 
not different on any of the time levels.
23. The effect o f schedule and time interaction on lower leg discomfort
Time variable behaved differently on all schedules. Schedule effect was 
not different on any of the time levels.
24. The effect o f schedule and time interaction on ankle discomfort
Time variable behaved differently on all schedules. Schedule effect was 
not different on any of the time levels.
25. The effect of schedule and time interaction on thigh discomfort
Time variable behaved differently on all schedules. Schedule effect was 
different at the end of two hours.
26. The effect o f schedule and time interaction on eyestrain
Time variable behaved differently on all schedules. Schedule effect was 
different at the end of two hours.
27. The effect o f schedule and time interaction on blurred vision
Time variable behaved differently on all schedules. Schedule effect was 
different at the end of two hours.
28. The effect of schedule and time interaction on nervousness
Time variable behaved differently on all schedules.
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Schedule effect was not different.
29. The effect of schedule and time interaction on dizziness
Time variable behaved differently on all schedules.
Schedule effect was not different.
30. The effect o f schedule and time interaction on tiredness
Time variable behaved differently on all schedules. Schedule effect was 
not different.
31. The effect of schedule and time interaction on headache
Time variable behaved differently on all schedules. Schedule effect was 
different at the end of two hours.
32. The effect of task and time interaction on neck discomfort
Time variable behaved differently on both tasks. Task effect was 
not different.
33. The effect o f task and time interaction on shoulder discomfort
Time variable behaved differently on both tasks. Task effect was 
Different at end of one and two hours.
34. The effect o f task and time interaction on lower back discomfort
Time variable behaved differently on both tasks. Task effect was 
not different.
35. The effect of task and time interaction on upper back discomfort
Time variable behaved differently on both tasks. Task effect was 
not different.
36. The effect o f task and time interaction on chest discomfort
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Time variable behaved differently on data entry task. Task effect was 
different at the end o f first and second hours of VDT work.
37. The effect o f task and time interaction on elbow/arm discomfort
Time variable behaved differently on both tasks. Task effect was 
not different.
38. The effect of task and time interaction on hand/wrist discomfort
Time variable behaved differently on both tasks. Task effect was 
different at the end o f first and second hours of VDT work.
39. The effect of task and time interaction on thigh discomfort
Time variable behaved differently on both tasks. Task effect was 
different at the end o f first and second hours of VDT work.
40. The effect o f task and time interaction on knee discomfort
Time variable behaved differently on both tasks. Task effect was 
different at the end of first hour of VDT work.
41. The effect of task and time interaction on lower leg discomfort
Time variable behaved differently on both tasks. Task effect was 
not different.
42. The effect o f task and time interaction on ankle discomfort
Time variable behaved differently on both tasks. Task effect was 
not different.
43. The effect o f task and time interaction on eyestrain
Time variable behaved differently on both tasks. Task effect was 
not different.
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44. The effect o f task and time interaction on blurred vision
Time variable behaved differently on both tasks. Task effect was 
not different.
45. The effect o f  task and time interaction on nervousness
Time variable behaved differently on both tasks. Task effect was 
not different.
46. The effect o f task and time interaction on dizziness
Time variable behaved differently on both tasks. Task effect was 
not different.
47. The effect o f task and time interaction on tiredness
Time variable behaved differently on both tasks. Task effect was 
different at the end of one hour.
48. The effect o f task and time interaction on headache
Time variable behaved differently on both tasks. Task effect was 
not different.
49. The effect o f schedule, task and time interaction on neck discomfort
Task and time variable behaved differently on all schedules. Schedule and time 
behaved differently on both the tasks. Schedule and task behaved differently at 
the end o f first and second hours.
50. The effect o f schedule, task and time interaction on shoulder discomfort
Task and time variable behaved differently on all schedules. Schedule and time 
behaved differently on both the tasks. Schedule and task behaved differently at 
the end o f first and second hours.
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51. The effect o f schedule, task and time interaction on lower back discomfort
Task and time variable behaved differently on all schedules. Schedule and time 
behaved differently on both the tasks. Schedule and task behaved differently at 
the end o f two hours.
52. The effect o f schedule, task and time interaction on upper back discomfort
Task and time variable behaved differently on all schedules. Schedule and time 
behaved differently on both the tasks. Schedule and task behaved differently at 
the end o f first and second hours.
53. The effect o f schedule, task and time interaction on chest discomfort
Task and time variable behaved differently on 60/10 and 30/5 schedules. 
Schedule and time behaved differently on data entry task. Schedule and task 
behaved differently at the end o f first and second hours.
54. The effect o f schedule, task and time interaction on elbow/arm discomfort
Task and time variable behaved differently on all schedules. Schedule and time 
behaved differently on both the tasks. Schedule and task behaved differently at 
the end o f first and second hours.
55. The effect o f schedule, task and time interaction on hand/wrist discomfort
Task and time variable behaved differently on all schedules. Schedule and time 
behaved differently on both the tasks. Schedule and task did not behave 
differently at the beginning and at the end o f  first and second hours.
56. The effect o f schedule, task and time interaction on thigh discomfort
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Task and time variable behaved differently on all schedules. Schedule and time 
behaved differently on both the tasks. Schedule and task behaved differently at 
the end of two hours.
57. The effect of schedule, task and time interaction on knee discomfort
Task and time variable behaved differently on 30/5 and 15/micro schedules. 
Schedule and time behaved differently on data entry task. Schedule and task 
behaved differently at the end of first hour.
58. The effect of schedule, task and time interaction on lower leg discomfort
Task and time variable behaved differently on all schedules. Schedule and time 
behaved differently on both the tasks. Schedule and task behaved differently at 
the end of first hour.
59. The effect of schedule, task and time interaction on ankle discomfort
Task and time variable behaved differently on all schedules. Schedule and time 
behaved differently on both the tasks. Schedule and task behaved differently at 
the end of first hour.
60. The effect of schedule, task and time interaction on eyestrain
Task and time variable behaved differently on all schedules. Schedule and time 
behaved differently on both the tasks. Schedule and task behaved differently at 
the end of first hour.
61. The effect of schedule, task and time interaction on blurred vision
Task and time variable behaved differently on all schedules. Schedule and time 
behaved differently on both the tasks. Schedule and task behaved differently at 
the end of two hours.
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62. The effect o f schedule, task and time interaction on nervousness
Task and time variable behaved differently on all schedules. Schedule and time 
behaved differently on both the tasks. Schedule and task behaved differently at 
the end of two hours.
63. The effect o f schedule, task and time interaction on dizziness
Task and time variable behaved differently on all schedules. Schedule and time 
behaved differently on both the tasks. Schedule and task did not behave 
differently either at the beginning or at the end of first and second hours.
64. The effect o f schedule, task and time interaction on tiredness
Task and time variable behaved differently on all schedules. Schedule and time 
behaved differently on both the tasks. Schedule and task did not behave 
differently either at the beginning or at the end of first and second hours.
65. The effect o f schedule, task and time interaction on headache
Task and time variable behaved differently on all schedules. Schedule and time 
behaved differently on both the tasks. Schedule and task behaved differently at 
the end of two hours.
4.1.2 Duncan’s M ultiple Range Test Results
Duncan's multiple range test was performed to see the significant differences 
among schedules for data entry task and mental task. Tables 4.6 and 4.7 show the 
Duncan test results for each of tasks. There was a significant difference among 
schedules considering discomfort in the neck and chest for data entry task at the five 
percent level o f significance.
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
74
Discomfort in the neck was the lowest with 15/micro schedule for data entry 
task. The average discomfort in the neck caused by 15/micro schedule was fifty 
percent less than the discomfort caused by 60/10 schedule, and thirty seven percent 
less than 30/5 schedule. Discomfort in the chest with 15/micro schedule was one 
fourth o f the discomfort with 60/10 schedule. The 15/micro schedule caused the 
lowest discomfort in the upper extremities and eyestrain for data entry task as 
Duncan’s test shows (Table 4.6 and Figures 4.1-4.3).
The difference among schedules was significant considering discomforts in the 
neck, lower back, upper back, chest, elbow/arms, ankle, lower leg, and headache at 
five percent level o f significance for mental task. The 15/micro schedule caused the 
lowest discomfort in the neck, shoulder, upper back, hand/wrist, knees, eyestrain, and 
tiredness.
Table 4.8 displays the Duncan’ s multiple range test among tasks for subjective 
discomfort questionnaire categories. Mental task resulted in less discomfort in the 
neck, shoulder, chest, elbow/arm, hand/wrist, thighs, and knees at five percent level o f 
significance. There was no statistically significant difference between tasks 
considering eye discomfort. Tiredness and headache was significantly higher for 
mental task.
4.1.3 E quipm ent and Condition Ratings
The results o f the ratings including workstation design and work environment 
are displayed in Appendix H. Average comfort levels changed between 2.16 and 2.58 
out of 3 that corresponds to the rating o f  “highly comfortable.”
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Table 4.6 Duncan's multiple range tests for variables included in the discomfort 
questionnaire for data entry task.
(Means with the same letter are not significantly different).
NECK Mean Schedule LOWER LEG Mean Schedule
A 1.950 60/10 A 0.767 15/micro
B A 1.783 30/5 A 0.717 30/5
B 1.300 15/micro A 0.500 60/10
SHOULDER Mean Schedule ANKLE Mean Schedule
A 1.583 60/10 A 0.900 30/5
A 1.450 15/micro A 0.767 15/micro
A 1.427 30/5 A 0.467 60/10
LOWER BACK Mean Schedule EYESTRAIN Mean Schedule
A 1.467 60/10 A 1.917 60/10
A 1.283 30/5 A 1.633 30/5
A 1.100 15/micro A 1.600 15/micro
UPPER BACK Mean Schedule BLURRED VISION Mean Schedule
A 1.200 60/10 A 1.883 60/10
A 1.133 30/5 A 1.500 15/micro
A 1.000 15/micro A 1.433 30/5
CHEST Mean Schedule NERVOUSNESS Mean Schedule
A 0.567 60/10 A 0.433 15/micro
B A 0.400 30/5 A 0.267 60/10
B 0.183 15/micro A 0.233 30/5
ELBOW/ARM Mean Schedule DIZZINESS Mean Schedule
A 1.600 60/10 A 1.067 30/5
A 1.517 30/5 A 0.967 15/micro
A 1.450 15/micro A 0.733 60/10
HAND/WRIST Mean Schedule TIREDNESS Mean Schedule
A 2.217 15/micro A 1.533 30/5
A 2.117 30/5 A 1.500 15/micro
A 2.100 60/10 A 1.300 60/10
THIGH Mean Schedule HEADACHE Mean Schedule
A 1.033 30/5 A 0.567 15/micro
A 1.016 60/10 A 0.433 30/5
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Table 4.7 Duncan's multiple range test for variables included in the discomfort 
questionnaire for mental task.
(Means with the same letter are not significantly different).
NECK Mean Schedule LOWER LEG Mean Schedule
A 1.717 60/10 A 0.867 60/10
B A 1.300 30/5 B A 0.533 15/micro
B 1.016 15/micro B 0.367 30/5
SHOULDER Mean Schedule ANKLE Mean Schedule
A 0.933 60/10 A 0.867 60/10
A 0.900 30/5 B A 0.667 15/micro
A 0.817 15/micro B 0.300 30/5
LOWER BACK Mean Schedule EYESTRAIN Mean Schedule
A 1.617 60/10 A 1.767 60/10
B 1.000 15/micro A 1.367 30/5
B 0.917 30/5 A 1.367 15/micro
UPPER BACK Mean Schedule BLURRED VISION Mean Schedule
A 1.550 60/10 A 1.567 15/micro
A 1.317 30/5 A 1.367 60/10
B 0.767 15/micro A 1.233 30/5
CHEST Mean Schedule NERVOUSNESS Mean Schedule
A 0.233 15/micro A 0.500 15/micro
B 0.033 30/5 A 0.433 30/5
B 0.033 60/10 A 0.400 60/10
ELBOW/ARM Mean Schedule DIZZINESS Mean Schedule
A 1.717 60/10 A 1.000 15/micro
B A 1.150 15/micro A 0.900 30/5
B 0.750 30/5 A 0.600 60/10
HAND/WRIST Mean Schedule TIREDNESS Mean Schedule
A 1.817 60/10 A 1.867 30/5
A 1.517 30/5 A 1.700 60/10
A 1.467 15/micro A 1.700 15/micro
THIGH Mean Schedule HEADACHE Mean Schedule
A 0.600 30/5 A 0.833 60/10
A 0.567 15/micro B 0.333 15/micro
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Table 4.8 Duncan's multiple range tests between tasks for questionnaire
variables. (Means with the same letter are not significantly different)
NECK Mean Task LOWER LEG Mean Task
A 1.6778 Data Entry A 0.6611 Data Entry
B 1.3444 Mental A 0.5889 Mental
SHOULDER Mean Task ANKLE Mean Task
A 1.4833 Data Entry A 0.7111 Data Entry
B 0.8833 Mental A 0.6111 Mental
LOWER BACK Mean Task EYESTRAIN Mean Task
A 1.2833 Data Entry A 1.7167 Data Entry
A 1.1778 Mental A 1.5000 Mental
UPPER BACK Mean Task BLURRED VISION Mean Task
A 1.2111 Data Entry A 1.6056 Data Entry
A 1.1111 Mental A 1.3889 Mental
CHEST Mean Task NERVOUSNESS Mean Task
A 0.3833 Data Entry A 0.4444 Mental
B 0.1000 Mental A 0.3111 Data Entry
ELBOW/ARM Mean Task DIZZINESS Mean Task
A 1.5222 Data Entry A 0.9222 Data Entry
B 1.2056 Mental A 0.8333 Mental
HAND/WRIST Mean Task TIREDNESS Mean Task
A 2.1444 Data Entry A 1.7556 Mental
B 1.6000 Mental B 1.4444 Data Entry
THIGH Mean Task HEADACHE Mean Task
A 1.0056 Data Entry A 0.4889 Mental
B 0.5222 Mental B 0.4778 Data Entry
KNEE Mean Task
A 0.6111 Data Entry
B 0.3611 Mental
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4.2 SPEED, ACCURACY, AND PERFORMANCE
In order to see the effect o f work-rest schedules and tasks on the productivity 
o f subjects; speed, accuracy, and their combination (performance) were calculated with 
the procedure as explained in section 3.6.4. Figures 4.7 -  4.12 display the change in 
speed and accuracy o f tasks according to the work-rest schedules. The 15/micro 
schedule resulted in the highest speed, accuracy, and performance for data entry task 
and also for mental task.
Table 4.9 displays the MANOVA results including level o f significance. Overall 
effects o f schedule and task were found to be significant on the performance at 0.0001 
level o f significance.
Table 4.9 Summary of MANOVA results with speed, accuracy, and performance
as dependent variables
Wilk’s Lambda





Schedule 0.2126 8.9623 6 46 0.0001
Task 0.0637 112.5790 3 23 0.0001
Schedule*Task 0.8775 0.5177 6 46 0.7919
A separate ANOVA was performed for each o f  the dependent variable 
according to the significant results o f MANOVA. This analysis indicates work-rest 
schedule and task had significant effects on all dependent variables (Table 4.10).
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Figure 4.9 Change in accuracy of data entry









































Figure 4.11 Change in performance of data entry 









Figure 4.12 Change in performance for mental 
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Table 4.10 ANOVA results including F values and significant p-values with
speed, accuracy and performance as dependent variables
1 .Dependent variable: Speed

















Analysis o f variance was also performed on data entry and mental task. Tables 
4.11 and 4.12 display the F values and corresponding p-values for each task. The effect 
of work-rest schedule was found to be significant on speed, accuracy, and performance 
for both o f the tasks.
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Table 4.11 ANOVA results including F values and significant p-values with speed,
accuracy and performance as dependent variables for data entry task
1 .Dependent variable: Speed








Source F Value Pr > F
Model 38.51 0.0001
Schedule 24.29 0.0001
Table 4.12 ANOVA results including F values and significant p-values with speed,
accuracy and performance as dependent variables for mental task
1.Dependent variable: Speed








Source F Value Pr > F
Model 27.39 0.0001
Schedule 14.99 0.001
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Duncan's multiple range test was also performed at the five percent level of 
significance. The 15/micro schedule was significantly different from the other two 
schedules for both tasks. The mean values are given in Table 4.13 and 4.14.
The average performance for data entry task caused by 15/micro schedule was 
56.78% that was higher than 30/5 and 60/10 schedules with the means o f 46.61% and 
43.32%, respectively. Similarly, the 15/micro schedule resulted in the highest 
performance value o f 31.11% for mental task compared to 18.23% for 30/5 schedule 
and 17.54% for 60/10 schedule.
Table 4.13 Duncan’s multiple range test for data entry task
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Table 4.14 Duncan’s multiple range test for mental task












Tasks also were compared with Duncan’s multiple range test. Data entry task 
resulted in a significantly higher speed, accuracy, and performance o f than mental task. 
Table 4.15 displays the average speed, accuracy, and performance of the subjects 
categorized by the task.
Table 4.15 Average speed, accuracy, and performance o f the subjects 
categorized by the task
Speed Accuracy Performance
Data Entry Task 0.5922 0.8232 0.4890
Mental Task 0.4973 0.3893 0.2229
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Pearson correlation analysis was also performed to see the relation between 
variables (Table 4.16). The correlation between speed and accuracy was found to be 
negative; as speed increases, accuracy decreases or vice versa. The correlations 
between speed and performance as well as accuracy and performance were positive.







Combined tasks -0.346 ** 0.179 0.564
Data entry -0221 0.658* 0.559**
Mental -0.212 0.179 0.785*
Note: *p<0.05, **p<0.10
4.3 EMG READINGS
The RMS values of the reference voluntary contractions that were measured at 
the beginning and at the end of the experimental session were calculated with the 
program displayed in Appendix E. Figure 4.13 displays a raw EMG data sample. The 
sample consists o f 165,000 raw data that were taken from 11 measurements from the 
first minute of VDT work to the 121st minute o f  VDT work (Table 3.3). Each 
measurement had 15,000 data points (15 seconds x 1,000 sample per second). Figure 
4.14 displays RMS values for this sample. There is an increase in RMS values that 
provides an instantaneous measure of the power output o f the myoelectric signal. 
Figure 4.15 and 4.16 compares the schedules according to change in RVE for both 
muscles.
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Figure 4.13 A sample from raw EMG data of trapezius
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Figure 4.14 RMS values for trapezius EMG sample output
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Figure 4.15 Change in RMS values o f RVE trapezius 









Figure 4.16 Change in RMS values o f RVE FCR for
data entry and mental tasks
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Table 4.17 displays the MANOVA test criteria, exact F statistics, and level of 
significance. Overall schedule effect was significant at 0.07, and overall task effect was 
significant at 0.0001 p-value. Overall interaction effect was not statistically significant. 
Table 4.18 displays the ANOVA tables regarding the effects o f work-rest schedule, 
task, and their interaction on the RVE for trapezius muscle and flexor carpi radialis 
muscle respectively. These results were obtained with the data regarding the change in 
RVE of the muscles. ANOVA results show that work-rest schedule and task have 
significant effects on RVE trapezius whereas there is no statistically significant effect
on RVE FCR.
Table 4.17 MANOVA test criteria and exact F statistics for overall schedule, task, 
and their interaction effects.
Wilk’s Lambda





Schedule 0.8247 2.2253 4 88 0.0727
Task 0.5667 16.8176 2 44 0.0001
Schedule*Task 0.9247 0.8788 4 88 0.4801
Duncan’s multiple range test was performed to determine the individual 
differences among schedules and tasks. Table 4.19 displays results o f Duncan’s test. 
The RVE increase in trapezius was the lowest for 15/micro schedule. There was a 
significant difference of 15/micro and 30/5 schedules from 60/10 schedule. Although 
15/micro schedule provided the lowest RVE increase for flexor carpi radialis, there was 
no statistically significant difference between schedules. The increase in RMS values for 
mental task was less than data entry task.
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Table 4.18 ANOVA results including F values and significant p-values with RVE
trapezius and RVE flexor carpi radialis as dependent variables.
1.Dependent variable: Change in RMS of RVE Trapezius





2.Dependent variable: Change in RMS of RVE Flexor Carpi Radialis




Schedule * Task 1.01 0.3724
Table 4.19 Duncan’s multiple range test for RVE trapezius and RVE FCR








Separate ANOVA for data entry and mental tasks were also performed (Tables 
4.20-4.21). The effect of schedule was found to be significant for the change in RMS of 
RVE for trapezius muscle at 0.0406 level for data entry task.
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The change in RMS values o f RVE for flexor carpi radialis was not found to be 
significant. The effect o f work-rest schedule was not found to be significant on the 
dependent variables for mental task as Table 4.21 displays.
Table 4.20 ANOVA results including F values and significant p-values with RVE 
trapezius and RVE FCR as dependent variables for data entry task.
1.Dependent variable: RVE o f trapezius
Source F Value P r > F
Model 3.68 0.0071
Schedule 3.85 0.0406
2.Dependent variable: RVE of flexor carpi radialis
Source F Value Pr > F
Model 2.88 0.0227
Schedule 0.07 0.9298
Table 4.21 ANOVA results including F values and significant p-values with RVE 
trapezius and RVE FCR as dependent variables for mental task.
1.Dependent variable: RVE of trapezius
Source F Value Pr > F
Model 1.76 0.1388
Schedule 2.38 0.1211
2.Dependent variable: RVE of flexor carpi radialis
Source F Value Pr > F
Model 1.39 0.2586
Schedule 1.02 0.3822
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4.4 REGRESSION ANALYSIS
We performed regression analysis to relate the response variables (subjective 
discomfort scores taken at the end of experimental session, change in EM G  readings 
from the beginning to the end, and performance scores) to the schedule and type of the 
task. Both of these predictor variables are qualitative. In order that such qualitative 
variables can be used in a regression model, quantitative indicators for the classes o f the 
qualitative variables must be employed.
The regression model is as follows:
Yi is the value o f the /th response variable, /= /, ...,22 (starting with 17 
questionnaire items followed by 2 EMG and 3 performance variables)
Po, P i , P2, Ps, p 4 , and Ps, are parameters
Yj—pj  + p ,X a +  p2^a  +  PiXa  +  PaX uX q +  PsXijX,3 +  £ / (4.1)
where :
1 if mental task
0 otherwise
1 if 30/5 schedule
0 otherwise
1 if 15/micro schedule
0 otherwise
Si is a random error term with mean E{Si}=0 and variance o2{eJ= o 2
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The following regression models are significant at a level o f  a=0.05
• Discomfort in Chest
Ys=1.5-1.4Xsj-Xs'2-1- 1X5,3+1.0  X s j  X sj+ 1.4 Xs.i X5.3
• Speed of the Subjects
Y20= 0 .5 5 7 -0 .0 9 7X 20.1+ 0 .O I9X 20.2 + 0 .0 8 6 X 2o ,3 -0 .012X 2o.i X 20.2 + O.OI9X 20.1X 20.3
• Accuracy of the Subjects
Y2i=0. 781-0.452X21.1+ 0.028X21,2+0.0976X21.3 -0.016X21, iX2u + 0.071X21,1 X21.3
• Performance of the Subjects
Y22= 0 .4 3 3 -0 .2 5 8 X 22 .i+ 0 .0 3 2 X 22.2 +0.134X22.3 - 0 . 026X 22.1X 22.2+ 0 . 001X 22.1X 22.3
These models show that the highest speed (0.64 for data entry task, 0.56 for 
mental task), accuracy (0.88 for data entry task, 0.50 for mental task), and performance 
(0.56 for data entry task, 0.31 for mental task) along with minimum discomfort in chest 
for data entry task (0.4) are experimented with the!5/micro schedule.
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CHAPTER 5
DISCUSSION
This study represents an attempt to design effective work-rest schedules for 
data entry task operators and cognitive demanding task operators. The methods used in 
this study include subjective discomfort questionnaire, performance measures, and 
EMG readings from two muscles. It is hypothesized that various work-rest schedules 
have different effects on the performance and discomfort o f operators. It is also 
hypothesized that the type of task and the interaction between work-rest schedule and 
task can affect the discomfort and performance of operators.
5.1 UPPER EXTREMITY DISCOMFORT
Numerous studies by different researchers have demonstrated that discomfort in 
upper extremities is a significant and common complaint among VDT users. Field 
studies demonstrated large number o f VDT users reporting a variety o f muscular 
complaints most notably of the back, neck, shoulders, hands, and wrists. Clinical 
studies show several serious disorders including carpal tunnel syndrome, cervical- 
brachial disorders, and tenosynovitis among VDT operators.
In our study, a change in the work-rest schedule makes a significant difference 
in the amount o f upper extremity discomfort as Tables 4.1 and 4.2 show. Schedule has 
statistically significant effect on the discomfort in the neck, upper back, elbows and 
forearms at the five percent level.
94
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Analysis of simple main effects shows that the effect o f type o f task is 
significantly different on 60/10 schedule for discomfort in shoulder and chest. The type 
of task is significantly different on 30/5 schedule for discomfort in shoulder, chest, 
elbow/arm, and hand/wrist; and significantly different on 15/micro schedule for 
discomfort in shoulder, and hand/wrist. The effects of schedule is significant on data 
entry task for discomfort in neck, lower back, and chest; and is significant on mental 
task for discomfort in neck, upper back, and elbow/arm. The effect o f time variable is 
significant on all schedules for all upper extremity discomfort categories. The effect o f 
schedule is significant on the beginning, first hour, and second hour for neck 
discomfort; significant on the first hour and second hour for upper back discomfort, 
and significant on the second hour for the discomfort in lower back and elbow/arm.
The effect of time variable is significant on both of the tasks for all variables 
except discomfort in the chest for mental task. The effect of task is significant on the 
first hour, and second hour for discomfort in shoulder, chest, and hand/arm. The effect 
of type o f task and time variables is significant on 60/10 and 30/5 schedules for all 
upper extremities, and significant on 15/micro schedule for all variables except chest. 
The effect o f schedule and time is significant on the data entry task for all variables and 
significant on mental task for all except chest. The effect of schedule and type o f task is 
significant on first hour and second hour for discomfort in neck, shoulder, upper back, 
chest, and elbow/arm.
Duncan’s multiple range test reveales that the 15/micro schedule results in the 
minimum discomfort in neck, lower back, chest, and elbow/forearm for data entry task.
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Similarly, neck, shoulders, upper back, hands and wrists have the smallest discomfort 
under 15/micro schedule followed by 30/5 schedule for the mental task.
The need for short and frequent breaks in VDT work is also supported by 
Zwahlen et al. (1987) who conclude that short and frequent breaks prevent 
musculoskeletal discomfort from exceeding the “quite-a-bit” threshold for 99 %  o f  the 
video display terminal population (for the task upon which the model was developed). 
Similarly the review of the literature by Swanson et al. (1989) resulted in the need for 
more frequent rest breaks in VDT work to decrease musculoskeletal fatigue.
Task has statistically significant effect on discomforts in the neck, shoulders, 
chest, elbows, forearms, hands and wrists as Table 4.8 shows. Discomfort scores are 
higher in data entry task than mental task. The interaction between schedule and task is 
significant only for discomforts in upper back, elbows and arms at five percent level.
5.2 LOW ER EXTREMITY DISCOMFORT
As Smith (1987) indicates, static seated postures are tied to circulation 
problems o f the lower legs and feet. Proper workstation design and providing tasks 
with movement requirements are central directions of the ergonomics research. In our 
study schedule did not have a significant effect at the five percent level on the lower 
extremities. Mental task resulted in a lower discomfort in all lower extremity categories 
including thigh, knee, lower leg, and ankle than data entiy task. The interaction 
between schedule and task was significant for knees at the five percent level. For 
mental task, 30/5 schedule and 15/micro result in significantly less discomfort than the 
60/10 schedule.
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
9 7
Analysis o f simple main effects shows that the effect of type o f task is 
significantly different on 60/10 schedule for discomfort in thigh. The type o f  task is 
significantly different on 30/5 schedule for discomfort in knee, and ankle; and 
significantly different on 15/micro schedule for discomfort in knee. The effect o f 
schedule is significant on data entry task for discomfort in the knee; and is significant 
on mental task for discomfort in lower leg.
The effect of time variable is significant on all schedules for all lower extremity 
discomfort categories. Similarly the effect of time variable is significant on both o f the 
tasks for all lower extremity categories. The effect o f task is significant on the first 
hour, and second hour for discomfort in thigh; and significant only on first hour for 
discomfort in knee.
The effect of type of task and time is significant on 60/10 schedule for all 
variables except knee; significant on 30/5 and 15/micro schedules for all variables. The 
effect o f schedule and time is significant on the data entry task for all variables and 
significant on mental task for all variables except chest discomfort. The effect o f 
schedule and type of task is significant on first hour for discomfort in knee, lower leg, 
and ankle.
The study by Henning et al. (1997) results in less leg and foot discomfort under 
the short breaks and exercises condition. However, in our study, the 60/10 schedule 
results in the minimum discomfort in knees for data entry task although there was no 
statistically significant difference between schedules.
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5.3 EYESTRAIN
Field studies of VDT users demonstrate that complaints about visual 
discomfort, and visual fatigue are the largest complaints (Smith, 1987). On our study, 
schedule and task have a statistically significant effect on eyestrain.
The 15/micro schedule results in the lowest eyestrain. This supports the findings 
o f Sundelin et al. (1986) who report that eye comfort increases for VDT operators who 
receive brief (10 to 15 seconds) rest breaks as well as the findings o f Henning et al. 
(1997). However, the 30/5 schedule is more favorable than 15/micro schedule in terms 
o f blurred vision although there is no significant difference. This result is the same for 
both tasks. Mental task resulted in a lower eyestrain and blurred vision than data entry 
task.
Analysis of simple main effects shows that the effect of type of task is 
significantly different on 60/10 schedule for blurred vision. The effect o f time variable is 
significant on all schedules for eyestrain and blurred vision. The effect o f schedule is 
significant on the second hour for eyestrain and blurred vision.
The effect of time variable is also significant on both o f the tasks for eyestrain 
and blurred vision. The effect of type o f task and time variables is significant on 60/10, 
30/5 and 15/micro schedules for eyestrain and blurred vision. The effect of schedule 
and time is significant on the data entry task and mental task for eyestrain and blurred 
vision. The schedule and type of task have significant effects on the second hour for 
eyestrain and blurred vision.
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5.4 PSYCHOLOGICAL DISCOMFORT
VDT work is associated with job dissatisfaction, stress, mood disturbances, and 
psychosomatic symptoms in jobs where the nature o f the work increases job demands, 
and closer supervision. Psychological disorders in the workplace have been identified as 
being among the ten leading work related diseases and injuries (Lu, 1994). In our study 
the effect o f schedule was significant for dizziness and headache.
Although there is no significant difference at five percent level, the 60/10 
schedule is generally more favorable than the other two schedules considering 
dizziness, tiredness, and headache for data entry task. Nervousness and dizziness are 
the smallest for 60/10 schedule for mental task as well. However 15/micro and 30/5 
schedules are more favorable than 60/10 in terms o f headache for mental task. Data 
entry task usually results in lower psychological discomfort than mental task does.
Analysis of simple main effects shows that the effect of type o f task is 
significantly different on 60/10 schedule for headache. The effect o f schedule is 
significant on mental task for headache. The effect o f  time variable is significant on all 
schedules for all psychological discomfort categories. The effect o f schedule is 
significant on the second hour for headache. The effect o f time variable is significant on 
both o f the tasks for all variables. The effect of task is significant on the first hour for 
headache. The effect of type o f task and time variables is significant on 60/10, 30/5, 
and 15/micro schedules for all variables. The effect o f schedule and time is significant 
on the data entry task and mental task for all variables. The effect of schedule and type 
o f task is significant on the second hour for headache.
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5.5 SPEED AND ACCURACY
Overall the schedule and task had significant effects on the performance. The 
15/micro schedule results in the highest speed, accuracy, and performance compared 
with the other two schedules for both the tasks. In data entry task, subjects performed 
faster, more accurate and higher performance than in mental task. The performance in 
data entry task with 15/micro schedule is 18 percent higher than 30/5 schedule, 24 
percent higher than 60/10 schedule. The results support the findings o f the study by 
Henning et al. (1997) who report that operator productivity benefits from the short rest 
breaks. These results duplicate the findings o f Kopardekar and Mital (1994) who report 
that the 30/5 schedule results in fewer errors than the 60/10 schedule.
5.6 EMG DATA
Schedule has an overall effect at seven percent level on the change in the root 
mean square values o f RVE trapezius that are measured at the beginning and at the end 
o f the experimental session. The overall effect o f  task is significant on both o f  the 
muscles at 0.0001 level.
The 15/micro schedule results in the smallest increase in RVE trapezius for data 
entry task where the effect of schedule is found to be significant at 2.24 percent level. 
Similarly, the 15/micro schedule results in the smallest increase in the change of RMS 
values for RVE flexor carpi radialis for mental task although the effect o f schedule is 
not found to be significant.
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CHAPTER 6 
SUMMARY AND CONCLUSIONS
Literature survey indicates that VDT operators tend to have a high incidence of 
musculoskeletal problems, visual fatigue, and job stress. Although a number of 
ergonomic improvements in workstation design and work environment can help to 
reduce these problems, a proper work-rest schedule deserves consideration since 
application o f work-rest schedules does not need expensive changes in the workplace 
unlike physical ergonomic modifications. However, from a practical standpoint, a very 
small amount o f research exists that deals with the work-rest schedules for VDT tasks. 
The objective o f  this research was to compare different work-rest schedules for VDT 
operators considering both data entry and cognitive demanding tasks. In order to 
achieve the objectives of this research, an experiment was conducted. Methodology 
included a subjective discomfort questionnaire, electromyography, and performance 
measures including speed and accuracy of performing the two types o f tasks.
The independent variables were the schedule and the type o f the task. Three 
different schedules were applied: 60 minutes work and 10 minutes rest (60/10), 30 
minutes work and 5 minutes rest (30/5), and finally 15 minutes work followed by 30 
seconds rest break after each 15 minutes and 3 minutes break after one hour in addition 
a 14 minutes coffee break (15/micro). Since job demands are different, data entry task 
and mental task were considered.
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The data entry task required entering a randomly created last and first names, and 
phones numbers. Mental task consisted o f randomly created addition and subtraction 
problems. The dependent variables were subjective discomfort questionnaire items 
including discomfort in the neck, shoulders, upper back, lower back, chest, elbows, 
arms, hands, and wrists, thighs, knees, lower legs, ankles, eyestrain, blurred vision, 
nervousness, dizziness, tiredness, and headache; performance, speed, and accuracy of 
the tasks performed, and electromyographic measures o f trapezius and flexor carpi 
radialis. Ten male subjects between the ages of 20 and 29 were selected for the 
experiment. A 2x3-factor factorial experiment with repeated observations on two 
factors was utilized. Each subject performed all six treatment-combinations in a random 
order. Each experimental session included two hours of VDT work.
The results of the experiment were analyzed using the multiple analysis of 
variance technique. When the overall effects of treatments or their interactions were 
found to be significant at the five-percent level, separate analyses of variance were 
utilized. Generally schedule effect was found to be significant for all dependent 
variables. The effect of the type of task was significant on the upper extremities 
including discomfort in neck, shoulder, chest, elbow/arm, hand/wrist, thigh, knee; 
tiredness, and headache. The 15/micro schedule was superior to the other schedules 
considering the questionnaire scores of upper extremities and eyestrain; speed, 
accuracy, and performance, and electromyographic measurements of trapezius and 
flexor carpi radialis for data entry task and mental task.
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Mental task caused higher psychological discomfort than data entry task
although all the other measures were lower in mental task.
In summary several conclusions can be drawn from this research:
• The 15/micro schedule was found to be superior in terms o f discomfort in upper 
extremities including neck, back, elbow, arm and eyestrain.
• Compared with the 60/10 and 30/5 schedules, the 15/micro schedule caused in 
a lower increase in RMS values of reference voluntary contraction from the 
beginning to the end o f the experimental session of trapezius for data entry task, 
and of flexor carpi radialis for mental task. The speed, accuracy, and 
performance o f subjects were higher in 15/micro schedule, too.
• The effect of type o f  VDT task was not found to be significant in determining 
the most appropriate work-rest schedule to employ. However, mental task 
resulted in a less performance and higher psychological discomfort than data 
entry task.
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CHAPTER 7
RECOMMENDATIONS FOR FUTURE RESEARCH
Conducting this study and reviewing the literature lead us to make the following
suggestions for future research:
1. Increasing the variety o f  schedules and duration o f sessions might improve the 
results and be more applicable to actual office environments.
2. The same procedure can be applied to an industrial work environment for several 
weeks to determine what kind of changes are obtained on sick days and 
productivity.
3. Although it was found that the same schedule was superior for both tasks in our 
study, performing various cognitive demanding tasks might change the results 
particularly in an actual work environment.
4. A study of larger population of males and females would determine the gender 
differences in musculoskeletal discomfort, performance and psychological effects.
5. Using specific equipment to measure eyestrain might give more objective results in 
eye discomfort values.
6. Increasing the number o f channels for EMG will help us to measure the electrical 
activity within a larger number of muscles and give objective results.
7. Utilizing frequency spectrum might give an idea about the amount o f muscular load 
and fatigue risk o f the muscles.
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CONSENT FORM
Research P roject Title
An effective work-rest schedule for VDT operators
Perform ance Site
Human Factors Laboratory, LSU, 3412 CEBA
Investigator
Dr. Fred Aghazadeh, Phone: (504) 388-5367
P h.D  dissertation o f
Rana Balci, Phone: (504)388-5377
R esearch Purpose
The objective o f this research project is to determine an effective work-rest 
schedule for computer operators for data entry and mental tasks.
D escription
Experiments are conducted in six different combinations for each subject. 
Subjects are selected from the pool of male engineering students with the age o f20-28, 
who are familiar with typing/computer use and have corrected/normal vision. The 
candidates who do not have the above criteria are excluded. The following sessions for 
the same subject are conducted in different days.
Combination 1: 60 min work - 10 min rest, data entry 
Combination 2: 60 min work - 10 min rest, mental task 
Combination 3:30 min work - 5 min rest, data entry 
Combination 4:30 min work - 5 min rest, mental task 
Combination 5: 15 min work - 12*30 sec+2*3 min+14 min rest, data entry 
Combination 6: 15 min work - 12*30 sec+2*3 min+14 min rest, mental task 
Subjects complete a questionnaire, which takes about 1-2 minutes, related to their 
discomforts and complaints about workstation design. Musculoskeletal discomforts are 
measured with the help of electromyogram that measures electric muscle activity by 
placing surface electrodes on the skin. Analyzing proportion o f  correctly typed words 
or correctly answered problems simulates productivity.
Subjects perform simple, one-minute hand, head/neck, and back/shoulder exercises 
during the breaks to stretch their muscles.
B enefits
An effective work-rest schedule will be selected considering subjective and 
objective measurements.
R isks
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Risks resulting from the tests are minimal, such as getting tired or feeling 
muscular discomfort.
R ig h t to  R efuse
Subjects may choose NOT to participate or to withdraw from the research at 
time without any penalty or negative consequences.
P rivacy
All data collected are coded and reported in a such a way that confidentiality is 
protected.
R elease o f  Inform ation
No part of the data will be disclosed.





[Y] [N] - Have you ever had extreme shoulder or arm pain?
[Y] [N] - Have you ever had extreme back pain?
[Y] [N] - Do you know of any reason that light physical exercise would
cause you any injury?
[Y] [N] - Do you have uncorrected vision?
The study has been discussed with me and all my questions have been 
answered. I understand that additional questions regarding the study should be directed 
to investigators listed above. I understand that if I  have any questions about subject 
rights, or other concerns, I can contact Dr. Charles E. Graham, Chairman, Institutional 
Review Board at 388-1492. I  agree to the terms above and acknowledge I  have been 
given a copy o f the consent form.
Signature o f the Subject Date
Witness Date
Investigators) Date
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EQUIPMENT AND CONDITION RATINGS 
Please rate your comfort with the following equipment and conditions:
highly moderately not
comfortable comfortable comfortable
the position o f screen monitor
the position o f chair
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options ps=60 ls=72; 
data design; 
retain x 61799; 
drop x;
do block=l to 10; 


















var block eu level random; 
run;
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options ps=60 ls=72 nocenter nodate; 
data rest;
infile 'd:\exp\quest_perf\q.lst'; 
do task=lData_Entry', Mental'; 
do subject=l to 10; 
do sch—Schl', 'Sch2', 'Sch3'; 
do side =IR', TJ; 
do time='beginning', 'lstjaour1, ^ n d h o u r1; 
input neck shd lowback upback chest elbow hand thigh knee Iowleg ankle eyest 








classes subject sch task side time;
model neck shd lowback upback chest elbow hand thigh knee lowleg ankle eyest 
blvis nerv dizzy tired headache = sch task time side sch*task sch*time sch* side 
task*time task* side time* side sch*task*time sch*time*side sch*task*side 
task*time*side sch*task*time*side subject;
manova h= sch task time side sch*task sch*time sch*side task*time task*side
time*side sch*task*time sch*time*side sch*task*side task*time*side 
sch*task*time*side/printe printh; 











proc corr spearman pearson; 
run;
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SCH*TASK Eff. Sliced by SCH for NECK
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 1 1.633333 1.633333 0.7405 0.39
30/5 1 7.008333 7.008333 3.1772 0.076
15/micro 1 2.408333 2.408333 1.0918 0.297
SCH*TASK Eff. Sliced by SCH for
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 1 12.675 12.675 8.213 0.004
30/5 1 8.008333 8.008333 5.1892 0.023
15/micro 1 12.03333 12.03333 7.7972 0.006
SCH*TASK Eff. Sliced by SCH for
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 1 0.675 0.675 0.2717 0.603
30/5 1 4.033333 4.033333 1.6232 0.204
15/micro 1 0.3 0.3 0.1207 0.729
SCH*TASK Eff. Sliced by SCH for
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 1 3.675 3.675 1.8973 0.169
30/5 1 1.008333 1.008333 0.5206 0.471
15/micro 1 1.633333 1.633333 0.8432 0.359
 LOW.BACK
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SCHTASK Eff. Sliced by SCH for CHEST
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 1 8.533333 8.533333 30.6587 IE-04
30/5 1 4.033333 4.033333 14.491 2E-04
15/micro 1 0.075 0.075 0.2695 0.604
SCHTASK Eff Sliced by SCH for
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 1 0.408333 0.408333 0.1563 0.693
30/5 1 17.63333 17.63333 6.7504 0.01
15/micro 1 2.7 2.7 1.0336 0.31
SCHTASK Eff. Sliced by SCH for
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 1 2.408333 2.408333 0.6276 0.429
30/5 1 10.8 10.8 2.8145 0.094
15/micro 1 16.875 16.875 4.3977 0.037
SCHTASK Eff. Sliced by SCH for
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 1 11.40833 11.40833 5.464 0.02
30/5 1 5.633333 5.633333 2.6981 0.102
15/micro 1 4.8 4.8 2.299 0.131
 ELBOW/AR
 HAND/WRI
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SCHTASK Eff. Sliced by SCH for KNEE
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 1 0.833333 0.833333 0.7767 0.379
30/5 1 6.533333 6.533333 6.089 0.014
15/micro 1 6.075 6.075 5.6618 0.018
SCHTASK Eff. Sliced by SCH for
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 1 4.033333 4.033333 3.3078 0.07
30/5 1 3.675 3.675 3.0139 0.084
15/micro 1 1.633333 1.633333 1.3395 0.248
SCHTASK Efif. Sliced by SCH for
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 1 4.8 4.8 3.0637 0.081
30/5 1 10.8 10.8 6.8933 0.009
15/micro 1 0.3 0.3 0.1915 0.662
SCHTASK Efif. Sliced by SCH for
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 1 0.675 0.675 0.3888 0.533
30/5 1 2.133333 2.133333 1.2287 0.269
15/micro 1 1.633333 1.633333 0.9407 0.333
 EYESTRAI
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SCH*TASK Efif. Sliced by SCH for BLURRED.
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 1 8.008333 8.008333 4.0096 0.046
30/5 1 1.2 1.2 0.6008 0.439
15/micro 1 0.133333 0.133333 0.0668 0.796
SCHTASK Efif. Sliced by SCH for
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 1 0.533333 0.533333 0.6942 0.405
30/5 1 1.2 1.2 1.562 0.212
15/micro 1 0.133333 0.133333 0.1736 0.677
SCHTASK Efif. Sliced by SCH for
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 1 0.533333 0.533333 0.383 0.536
30/5 1 0.833333 0.833333 0.5985 0.44
15/micro 1 0.033333 0.033333 0.0239 0.877
SCHTASK Eff. Sliced by SCH for
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 1 4.8 4.8 2.626 0.106
30/5 1 3.333333 3.333333 1.8236 0.178
15/micro 1 1.2 1.2 0.6565 0.418
 NERVOUS
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SCHTASK Eff. Sliced by SCH for HEADACHE
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 1 4.8 4.8 7.9854 0.005
30/5 1 0.533333 0.533333 0.8873 0.347
15/micro 1 1.633333 1.633333 2.7173 0.1
SCHTASK Eff Sliced by TASK for
Sum of Mean
TASK DF Squares Square F Pr>F
DataJEntry 2 13.67778 6.838889 3.1004 0.046
Mental 2 14.87778 7.438889 3.3724 0.036
SCHTASK Eff. Sliced by TASK for
Sum of Mean
TASK DF Squares Square F Pr>F
Data_Entry 2 0.933333 0.466667 0.3024 0.739
Mental 2 0.433333 0.216667 0.1404 0.869
SCHTASK Eff. Sliced by TASK for
Sum of Mean
TASK DF Squares Square F Pr>F
DataJEntry 2 4.033333 2.016667 0.8116 0.445
Mental 2 17.54444 8.772222 3.5304 0.031
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SCH*TASK Efif. Sliced by TASK for UPPER
Sum of Mean
TASK DF Squares Square F Pr>F
DataJEntry 2 1.244444 0.622222 0.3212 0.726
Mental 2 19.41111 9.705556 5.0107 0.007
SCH*TASK Efif. Sliced by TASK for
Sum of Mean
TASK DF Squares Square F Pr>F
Data_Entry 2 4.433333 2.216667 7.9641 4E-04
Mental 2 1.6 0.8 2.8743 0.058
SCH*TASK Efif. Sliced by TASK for
Sum of Mean
TASK DF Squares Square F Pr>F
Data_Entry 2 0.677778 0.338889 0.1297 0.878
Mental 2 28.31111 14.15556 5.419 0.005
SCH*TASK Efif. Sliced by TASK for
Sum of Mean
TASK DF Squares Square F Pr>F
Data_Entry 2 0.477778 0.238889 0.0623 0.94
Mental 2 4.3 2.15 0.5603 0.572
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SCH*TASK Eff. Sliced by TASK for THIGH
Sum of Mean
TASK DF Squares Square F Pr>F
Data_Entry 2 0.144444 0.072222 0.0346 0.966
Mental 2 1.377778 0.688889 0.3299 0.719
SCH*TASK Eff Sliced by TASK for
Sum of Mean
TASK DF Squares Square F Pr>F
DataEntry 2 8.844444 4.422222 4.1215 0.017
Mental 2 1.077778 0.538889 0.5022 0.606
SCH*TASK Eff Sliced by TASK for
Sum of Mean
TASK DF Squares Square F Pr>F
DataEntry 2 2.411111 1.205556 0.9887 0.373
Mental 2 7.777778 3.888889 3.1893 0.043
SCH*TASK Eff. Sliced by TASK for
Sum of Mean
TASK DF Squares Square F Pr>F
Data_Entry 2 5.911111 2.955556 1.8864 0.153
Mental 2 9.911111 4.955556 3.163 0.044
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SCH*TASK Efif. Sliced by TASK for EYESTRAI
Sum of Mean
TASK DF Squares Square F Pr>F
DataEntry 2 3.633333 1.816667 1.0463 0.353
Mental 2 6.4 3.2 1.843 0.16
SCH*TASK Efif. Sliced by TASK for
Sum of Mean
TASK DF Squares Square F Pr>F
Data_Entry 2 7.077778 3.538889 1.7719 0.172
Mental 2 3.377778 1.688889 0.8456 0.43
SCH*TASK Efif. Sliced by TASK for
Sum of Mean
TASK DF Squares Square F Pr>F
Data_Entry 2 1.377778 0.688889 0.8967 0.409
Mental 2 0.311111 0.155556 0.2025 0.817
SCH*TASK Efif. Sliced by TASK for
Sum of Mean
TASK DF Squares Square F Pr>F
DataEntry 2 3.511111 1.755556 1.2608 0.285
Mental 2 5.2 2.6 1.8672 0.156
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SCH*TASK Efif. Sliced by TASK for TIRED
Sum of Mean
TASK DF Squares Square F Pr>F
Data_Entry 2 1.911111 0.955556 0.5228 0.593
Mental 2 1.111111 0.555556 0.3039 0.738
SCH*TASK Efif. Sliced by TASK for
Sum of Mean
TASK DF Squares Square F Pr>F
DataJEntry 2 0.711111 0.355556 0.5915 0.554
Mental 2 10.71111 5.355556 8.9097 2E-04
SCH*TIME Eff. Sliced by SCH for
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 2 212.9167 106.4583 48.2625 IE-04
30/5 2 143.2167 71.60833 32.4634 IE-04
15/micro 2 88.31667 44.15833 20.019 IE-04
SCH*TIME Eff. Sliced by SCH for
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 2 127.5167 63.75833 41.3135 IE-04
30/5 2 82.61667 41.30833 26.7666 IE-04
15/micro 2 78.86667 39.43333 25.5516 IE-04
 SHOULDER
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SCH*TIME Eff. Sliced by SCH for LOW.BACK
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 2 170.2167 85.10833 34.2517 IE-04
30/5 2 76.65 38.325 15.4238 IE-04
15/micro 2 86.15 43.075 17.3355 IE-04
SCH*TIME Efif Sliced by SCH for
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 2 143.45 71.725 37.0296 IE-04
30/5 2 90.35 45.175 23.3226 IE-04
15/micro 2 55.26667 27.63333 14.2663 IE-04
SCH*TIME Eff. Sliced by SCH for
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 2 15.2 7.6 27.3054 IE-04
30/5 2 2.866667 1.433333 5.1497 0.006
15/micro 2 2.916667 1.458333 5.2395 0.006
SCH*TIME Eff. Sliced by SCH for
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 2 180.3167 90.15833 34.5144 IE-04
30/5 2 89.86667 44.93333 17.2014 IE-04
15/micro 2 102.2 51.1 19.5621 IE-04
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SCH*TIME Eff. Sliced by SCH for HAND/WRI
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 2 253.2167 126.6083 32.9946 IE-04
30/5 2 204.0667 102.0333 26.5902 IE-04
15/micro 2 208.0167 104.0083 27.1049 IE-04
SCH*TIME Eff. Sliced by SCH for
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 2 42.11667 21.05833 10.0859 IE-04
30/5 2 42.46667 21.23333 10.1697 IE-04
15/micro 2 42.46667 21.23333 10.1697 IE-04
SCH*TIME Eff. Sliced by SCH for
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 2 10.06667 5.033333 4.691 0.01
30/5 2 20.06667 10.03333 9.351 IE-04
15/micro 2 15.81667 7.908333 7.3705 7E-04
SCH*TIME Eff. Sliced by SCH for
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 2 30.46667 15.23333 12.4929 IE-04
30/5 2 19.11667 9.558333 7.8388 5E-04
15/micro 2 25.8 12.9 10.5794 IE-04
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SCH*TIME Eff. Sliced by SCH for ANKLE
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 2 28.46667 14.23333 9.0847 IE-04
30/5 2 24.8 12.4 7.9145 4E-04
15/micro 2 33.26667 16.63333 10.6165 IE-04
SCH*TIME Eff Sliced by SCH for
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 2 285.5167 142.7583 82.2188 IE-04
30/5 2 135.8 67.9 39.1056 IE-04
15/micro 2 143.2667 71.63333 41.2558 IE-04
SCH*TIME Eff. Sliced by SCH for
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 2 253.05 126.525 63.3488 IE-04
30/5 2 108.4667 54.23333 27.1537 IE-04
15/micro 2 157.2667 78.63333 39.3703 IE-04
SCH*TEME Eff. Sliced by SCH for
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 2 8.466667 4.233333 5.5103 0.004
30/5 2 11.66667 5.833333 7.593 6E-04
15/micro 2 13.06667 6.533333 8.5041 3E-04
 NERVOUS
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SCH*TIME Eff. Sliced by SCH for DIZZY
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 2 31.66667 15.83333 11.3708 IE-04
30/5 2 66.46667 33.23333 23.8668 IE-04
15/micro 2 66.46667 33.23333 23.8668 IE-04
SCH*TIME Eff Sliced by SCH for
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 2 147.8 73.9 40.4297 IE-04
30/5 2 197.6 98.8 54.0521 IE-04
15/micro 2 166.4 83.2 45.5176 IE-04
SCH*TIME Eff Sliced by SCH for
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 2 31.26667 15.63333 26.0082 IE-04
30/5 2 8.866667 4.433333 7.3754 7E-04
15/micro 2 12.6 6.3 10.4809 IE-04
SCH*TIME Eff Sliced by TIME for
Sum of Mean
TIME DF Squares Square F Pr>F
lst_hour 2 20.86667 10.43333 4.7299 0.01
2nd_hour 2 24.05 12.025 5.4515 0.005
beginning 2 1.14E-28 5.70E-29 2.58E-29 1
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SCH*TIME Eff. Sliced by TIME for SHOULDER
Sum of Mean
TIME DF Squares Square F Pr>F
lst_hour 2 2.616667 1.308333 0.8478 0.429
2nd_hour 2 11.31667 5.658333 3.6664 0.027
beginning 2 1.99E-29 9.94E-30 6.44E-30 1
SCH*HME Eff. Sliced by TIME for
Sum of Mean
TIME DF Squares Square F Pr>F
lst_hour 2 8.466667 4.233333 1.7037 0.184
2nd_hour 2 23.61667 11.80833 4.7522 0.009
beginning 2 8.57E-31 4.29E-31 1.72E-31 1
SCH*TIME Eff. Sliced by TIME for
Sum of Mean
TIME DF Squares Square F Pr>F
lst_hour 2 12.11667 6.058333 3.1277 0.045
2nd_hour 2 22.85 11.425 5.8984 0.003
beginning 2 1.05E-29 5.23E-30 2.70E-30 1
SCH*TIME Eff. Sliced by TIME for
Sum of Mean
TIME DF Squares Square F Pr>F
lst_hour 2 1.266667 0.633333 2.2754 0.104
2nd_hour 2 5.816667 2.908333 10.4491 IE-04
beginning 2 1.99E-30 9.96E-31 3.58E-30 1
 LOW.BACK
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SCH*TIME Eff. Sliced by TIME for ELBOW/AR
Sum of Mean
TIME DF Squares Square F Pr>F
lsthour 2 12.06667 6.033333 2.3097 0.101
2nd_hour 2 19.31667 9.658333 3.6974 0.026
beginning 2 5.72E-31 2.86E-31 1.09E-31 1
SCH*TTME Eff. Sliced by TIME for
Sum of Mean
TIME DF Squares Square F Pr>F
lstjhour 2 0.316667 0.158333 0.0413 0.96
2nd_hour 2 6.016667 3.008333 0.784 0.458
beginning 2 3.02E-29 1.51E-29 3.93E-30 1
SCH*TTME Eff. Sliced by TIME for
Sum of Mean
TIME DF Squares Square F Pr>F
lst_hour 2 2.816667 1.408333 0.6745 0.51
2nd_hour 2 0.066667 0.033333 0.016 0.984
beginning 2 3.65E-29 1.82E-29 8.74E-30 1
SCH*TTME Eff. Sliced by TIME for
Sum of Mean
TIME DF Squares Square F Pr>F
lstjhour 2 3.15 1.575 1.4679 0.232
2nd_hour 2 1.666667 0.833333 0.7767 0.461
beginning 2 7.82E-30 3.91E-30 3.65E-30 1
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SCH*TIME Eff. Sliced by TIME for LOWER
Sum of Mean
TIME DF Squares Square F Pr>F
lstjhour 2 1.116667 0.558333 0.4579 0.633
2nd_hour 2 1.266667 0.633333 0.5194 0.595
beginning 2 1.35E-29 6.76E-30 5.55E-30 1
SCH*TIME Eff. Sliced by TIME for
Sum of Mean
TIME DF Squares Square F Pr>F
lst_hour 2 0.866667 0.433333 0.2766 0.759
2nd_hour 2 0.466667 0.233333 0.1489 0.862
beginning 2 3.01E-30 1.51E-30 9.61E-31 1
SCH*TIME Eff. Sliced by TIME for
Sum of Mean
TIME DF Squares Square F Pr>F
lst_hour 2 3.466667 1.733333 0.9983 0.37
2nd_hour 2 46.31667 23.15833 13.3376 IE-04
beginning 2 2.67E-29 1.33E-29 7.67E-30 1
SCH*TIME Eff Sliced by TIME for
Sum of Mean
TIME DF Squares Square F Pr>F
lstjhour 2 6.666667 3.333333 1.6689 0.19
2nd_hour 2 38.01667 19.00833 9.5171 IE-04
beginning 2 1.07E-29 5.33E-30 2.67E-30 1
 BLURRED.
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lsthou r 2 4.466667 2.233333 2.907 0.056
2nd_hour 2 0.2 0.1 0.1302 0.878
beginning 2 7.64E-30 3.82E-30 4.97E-30 1






lst_hour 2 4.266667 2.133333 1.5321 0.218
2nd_hour 2 8.066667 4.033333 2.8966 0.057
beginning 2 1.66E-29 8.30E-30 5.96E-30 1






lst_hour 2 0.6 0.3 0.1641 0.849
2nd_hour 2 4.2 2.1 1.1489 0.318
beginning 2 6.53E-30 3.26E-30 1.79E-30 1






lst_hour 2 0.866667 0.433333 0.7209 0.487
2nd_hour 2 8.266667 4.133333 6.8764 0.001
beginning 2 6.77E-31 3.38E-31 5.63E-31 1
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TASK*TIME Eff. Sliced by TASK for NECK
Sum of Mean
TASK DF Squares Square F Pr>F
DataEntry 2 261.8778 130.9389 59.3606 IE-04
Mental 2 170.1778 85.08889 38.5747 IE-04
TASK*TIME Eff. Sliced by TASK for
Sum of Mean
TASK DF Squares Square F Pr>F
DataJEntry 2 210.7 105.35 68.2637 IE-04
Mental 2 81.63333 40.81667 26.448 IE-04
TASK*TIME Eff. Sliced by TASK for
Sum of Mean
TASK DF Squares Square F Pr>F
Data_Entry 2 185.6333 92.81667 37.354 IE-04
Mental 2 136.8778 68.43889 27.5431 IE-04
TASK*TIME Eff. Sliced by TASK for
Sum of Mean
TASK DF Squares Square F Pr>F
DataJEntry 2 128.7444 64.37222 33.2335 IE-04
Mental 2 141.6444 70.82222 36.5635 IE-04
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TASK*TIME Efif. Sliced by TASK for CHEST
Sum of Mean
TASK DF Squares Square F Pr>F
DataEntry 2 19.3 9.65 34.6707 IE-04
Mental 2 1.033333 0.516667 1.8563 0.158
TASK*TIME Efif. Sliced by TASK for
Sum of Mean
TASK DF Squares Square F Pr>F
DataJEntry 2 217.0778 108.5389 41.5508 IE-04
Mental 2 146.2111 73.10556 27.9862 IE-04
TASK*TIME Efif. Sliced by TASK for
Sum of Mean
TASK DF Squares Square F Pr>F
Data_Entry 2 425.9111 212.9556 55.4969 IE-04
Mental 2 248.0333 124.0167 32.3192 IE-04
TASK*TIME Efif. Sliced by TASK for
Sum of Mean
TASK DF Squares Square F Pr>F
DataJEntry 2 102.4111 51.20556 24.525 IE-04
Mental 2 33.07778 16.53889 7.9213 4E-04
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TASK*TIME Eff. Sliced by TASK for KNEE
Sum of Mean
TASK DF Squares Square F Pr>F
DataEntry 2 33.91111 16.95556 15.8024 IE-04
Mental 2 12.14444 6.072222 5.6593 0.004
TASK*TIME Eff Sliced by TASK for
Sum of Mean
TASK DF Squares Square F Pr>F
DataJEntry 2 40.01111 20.00556 16.4067 IE-04
Mental 2 35.24444 17.62222 14.4521 IE-04
TASK*TIME Eff Sliced by TASK for
Sum of Mean
TASK DF Squares Square F Pr>F
Data_Entry 2 47.64444 23.82222 15.205 IE-04
Mental 2 39.24444 19.62222 12.5243 IE-04
TASK*TIME Eff. Sliced by TASK for
Sum of Mean
TASK DF Squares Square F Pr>F
DataJEntry 2 292.3 146.15 84.1721 IE-04
Mental 2 234.5333 117.2667 67.5374 IE-04
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TASK*TIME Eff. Sliced by TASK for BLURRED.
Sum of Mean
TASK DF Squares Square F Pr>F
DataEntry 2 271.6778 135.8389 68.0121 IE-04
Mental 2 209.9111 104.9556 52.5494 IE-04
TASK*TIME Eff. Sliced by TASK for
Sum of Mean
TASK DF Squares Square F Pr>F
Data_Entry 2 10.84444 5.422222 7.0579 0.001
Mental 2 19.91111 9.955556 12.9587 IE-04
TASK*TIME Eff. Sliced by TASK for
Sum of Mean
TASK DF Squares Square F Pr>F
Data_Entry 2 88.57778 44.28889 31.8064 IE-04
Mental 2 72.13333 36.06667 25.9016 IE-04
TASK*TIME Eff. Sliced by TASK for
Sum of Mean
TASK DF Squares Square F Pr>F
DataJEntry 2 213.9111 106.9556 58.5139 IE-04
Mental 2 299.9111 149.9556 82.0386 IE-04
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TASK*TTME Efif. Sliced by TASK for HEADACHE
Sum of Mean
TASK DF Squares Square F Pr>F
DataJEntry 2 22.17778 11.08889 18.4479 IE-04
Mental 2 26.31111 13.15556 21.886 IE-04
TASK*TIME Eff. Sliced by TIME for
Sum of Mean
TIME DF Squares Square F Pr>F
lstjhour 1 7.008333 7.008333 3.1772 0.076
2nd_hour 1 8.008333 8.008333 3.6305 0.058
beginning 1 6.12E-30 6.12E-30 2.77E-30 1
TASK*TIME Eff Sliced by TIME for
Sum of Mean
TIME DF Squares Square F Pr>F
Istjiour 1 23.40833 23.40833 15.1679 IE-04
2ndJiour 1 25.20833 25.20833 16.3343 IE-04
beginning 1 1.45E-30 1.45E-30 9.43E-31 1
TASK*TIME Eff Sliced by TIME for
Sum of Mean
TIME DF Squares Square F Pr>F
lstjhour I 0.208333 0.208333 0.0838 0.772
2ndJiour 1 4.8 4.8 1.9318 0.166
beginning 1 1.75E-31 1.75E-31 7.03E-32 1
 SHOULDER
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TASK*TIME Eff. Sliced by TIME for UPPER
Sum of Mean
TIME DF Squares Square F Pr>F
lst_hour 1 1.875 1.875 0.968 0.326
2nd_hour 1 0.075 0.075 0.0387 0.844
beginning 1 2.58E-29 2.58E-29 1.33E-29 1
TASK*TIME Eff Sliced by TIME for
Sum of Mean
TIME DF Squares Square F Pr>F
lst_hour 1 1.633333 1.633333 5.8683 0.016
2nd_hour 1 11.40833 11.40833 40.988 IE-04
beginning 1 1.20E-30 1.20E-30 4.30E-30 1
TASK*TEME Eff. Sliced by TIME for
Sum of Mean
TIME DF Squares Square F Pr>F
lst_hour 1 9.633333 9.633333 3.6878 0.056
2nd_hour 1 4.408333 4.408333 1.6876 0.195
beginning 1 1.81E-31 1.81E-31 6.94E-32 1
TASK*TIME Eff. Sliced by TIME for
Sum of Mean
TIME DF Squares Square F Pr>F
lst_hour 1 23.40833 23.40833 6.1003 0.014
2nd_hour 1 16.875 16.875 4.3977 0.037
beginning 1 1.20E-29 1.20E-29 3.12E-30 1
 HANDAVRI
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TASK*TIME Eff. Sliced by TIME for THIGH
Sum of Mean
TIME DF Squares Square F Pr>F
lst_hour 1 14.00833 14.00833 6.7093 0.01
2nd_hour 1 17.63333 17.63333 8.4455 0.004
beginning 1 1.93E-29 1.93E-29 9.25E-30 1
TASK*TIME Eff Sliced by TIME for
Sum of Mean
TIME DF Squares Square F Pr>F
lst_hour 1 4.408333 4.408333 4.1085 0.044
2nd_hour 1 4.033333 4.033333 3.759 0.053
beginning 1 1.01E-29 1.01E-29 9.46E-30 1
TASK*TTME Eff Sliced by TIME for
Sum of Mean
TIME DF Squares Square F Pr>F
lst_hour 1 1.408333 1.408333 1.155 0.283
2nd_hour 1 4.63E-31 4.63E-31 3.79E-31 1
beginning 1 7.35E-30 7.35E-30 6.02E-30 1
TASK*TIME Eff. Sliced by TIME for
Sum of Mean
TIME DF Squares Square F Pr>F
lst_hour 1 1.633333 1.633333 1.0425 0.308
2nd_hour 1 0.133333 0.133333 0.0851 0.771
beginning 1 2.87E-31 2.87E-31 1.83E-31 1
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TASK*TTME Eff. Sliced by TIME for EYESTRAI
Sum of Mean
TIME DF Squares Square F Pr>F
lstjhour 1 4.033333 4.033333 2.3229 0.129
2nd_hour 1 2.408333 2.408333 1.387 0.24
beginning 1 7.23E-30 7.23E-30 4.16E-30 1
TASK*TTME Eff. Sliced by TIME for
Sum of Mean
TIME DF Squares Square F Pr>F
lst_hour 1 2.7 2.7 1.3518 0.246
2nd_hour 1 3.675 3.675 1.84 0.176
beginning 1 2.67E-29 2.67E-29 1.34E-29 1
TASK*TIME Eff. Sliced by TIME for
Sum of Mean
TIME DF Square F Pr>F
lst_hour 1 1.2 1.2 1.562 0.212
2nd_hour 1 1.2 1.2 1.562 0.212
beginning 1 4.56E-30 4.56E-30 5.93E-30 1
TASK*TIME Eff. Sliced by TIME for
Sum of Mean
TIME DF Squares Square F Pr>F
lstjiour 1 0.3 0.3 0.2154 0.643
2nd_hour 1 0.833333 0.833333 0.5985 0.44
beginning 1 3.66E-30 3.66E-30 2.63E-30 1
 BLURRED.
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TASK*TTME Eff. Sliced by TIME for TIRED
Sum of Mean
TIME DF Square F Pr>F
lst_hour 1 7.5 7.5 4.1031 0.044
2nd_hour 1 5.633333 5.633333 3.0819 0.08
beginning 1 1.17E-29 1.17E-29 6.41E-30 1
TASK*TTME Eff Sliced by TIME for
Sum of Mean
TIME DF Squares Square F Pr>F
lstjhour 1 0.133333 0.133333 0.2218 0.638
2nd_hour 1 0.3 0.3 0.4991 0.48
beginning 1 3.20E-31 3.20E-31 5.32E-31 1
SCH*TASK*TIM Eff Sliced by SCH for
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 5 216.1667 43.23333 19.5997 IE-04
30/5 5 153.7417 30.74833 13.9396 IE-04
15/micro 5 92.24167 18.44833 8.3635 IE-04
SCH*TASK*TIM Eff. Sliced by SCH for
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 5 147.1417 29.42833 19.0687 IE-04
30/5 5 94.74167 18.94833 12.278 IE-04
15/micro 5 96.96667 19.39333 12.5663 IE-04
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SCH*TASK*TTM Eff. Sliced by SCH for LOW.BACK
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 5 184.8417 36.96833 14.8779 IE-04
30/5 5 83.5 16.7 6.7209 IE-04
15/micro 5 88.4 17.68 7.1153 IE-04
SCH*TASK*TIM Eff Sliced by SCH for
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 5 153.475 30.695 15.8469 IE-04
30/5 5 92.175 18.435 9.5175 IE-04
15/micro 5 57.76667 11.55333 5.9647 IE-04
S CH*TASK*TIM Eff. Sliced by SCH for
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 5 35.2 7.04 25.2934 IE-04
30/5 5 8.966667 1.793333 6.4431 IE-04
15/micro 5 3.041667 0.608333 2.1856 0.056
SCH*TASK*TIM Eff. Sliced by SCH for
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 5 181.5417 36.30833 13.8995 IE-04
30/5 5 117.5667 23.51333 9.0014 IE-04
15/micro 5 106.7 21.34 8.1694 IE-04
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SCH*TASK*TEM Eff. Sliced by SCH for HAND/WRI
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 5 256.8417 51.36833 13.3868 IE-04
30/5 5 225.2667 45.05333 11.7411 IE-04
15/micro 5 234.8417 46.96833 12.2401 IE-04
SCH*TASK*T1M Eff. Sliced by SCH forTfflGH
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 5 60.74167 12.14833 5.8185 IE-04
30/5 5 50.96667 10.19333 4.8821 3E-04
15/micro 5 49.86667 9.973333 4.7767 3E-04
SCH*TASK*TIM Eff. Sliced by SCH for KNEE
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 5 11.36667 2.273333 2.1187 0.063
30/5 5 30.66667 6.133333 5.7162 IE-04
15/micro 5 25.24167 5.048333 4.705 4E-04
SCH*TASK*TTM Eff. Sliced by SCH for LOWER
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 5 36.96667 7.393333 6.0633 IE-04
30/5 5 28.24167 5.648333 4.6322 4E-04
15/micro 5 28.3 5.66 4.6418 4E-04
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SCH*TASK*TIM Eff. Sliced by SCH for ANKLE
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 5 35.86667 7.173333 4.5785 5E-04
30/5 5 42.8 8.56 5.4636 IE-04
15/micro 5 33.76667 6.753333 4.3104 8E-04
SCH*TASK*TIM Eff. Sliced by SCH for
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 5 286.6417 57.32833 33.0171 IE-04
30/5 5 139.2 27.84 16.0339 IE-04
15/micro 5 145.7667 29.15333 16.7903 IE-04
SCH*TASK*TIM Eff. Sliced by SCH for
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 5 265.175 53.035 26.5537 IE-04
30/5 5 110.2667 22.05333 11.0417 IE-04
15/micro 5 157.4667 31.49333 15.7681 IE-04
SCH*TASK*TIM Eff. Sliced by SCH for
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 5 11.06667 2.213333 2.881 0.015
30/5 5 14.26667 2.853333 3.714 0.003
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SCH*TASK*TIM Efif. Sliced by SCH for DIZZY
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 5 32.66667 6.533333 4.692 4E-04
30/5 5 68.16667 13.63333 9.7909 IE-04
15/micro 5 66.96667 13.39333 9.6185 IE-04
SCH*TASK*TIM Efif. Sliced by SCH for
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 5 155.2 31.04 16.9816 IE-04
30/5 5 204.4 40.88 22.3649 IE-04
15/micro 5 170 34 18.6009 IE-04
SCH*TASK*TIM Efif. Sliced by SCH for
Sum of Mean
SCH DF Squares Square F Pr>F
60/10 5 38.66667 7.733333 12.8654 IE-04
30/5 5 9.866667 1.973333 3.2829 0.007
15/micro 5 15.1 3.02 5.0242 2E-04
SCH*TASK*TIM Efif. Sliced by TASK for
Sum of Mean
TASK DF Squares Square F Pr>F
Data_Entry 8 285.6111 35.70139 16.1851 IE-04
Mental 8 194.0444 24.25556 10.9962 IE-04
 HEADACHE
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SCH*TASK*TIM EfF. Sliced by TASK for SHOULDER
Sum of Mean
TASK DF Squares Square F Pr>F
Data_Entry 8 221.7 27.7125 17.9569 IE-04
Mental 8 85.8 10.725 6.9495 IE-04
SCH*TASK*T1M Efif. Sliced by TASK for
Sum of Mean
TASK DF Squares Square F Pr>F
Data_Entry 8 203.4 25.425 10.2323 IE-04
Mental 8 169.9111 21.23889 8.5476 IE-04
SCH*TASK*TIM Efif Sliced by TASK for
Sum of Mean
TASK DF Squares Square F Pr>F
Data_Entry 8 145.4778 18.18472 9.3882 IE-04
Mental 8 172.2778 21.53472 11.1178 IE-04
S CH*TASK*TIM Efif Sliced by TASK for
Sum of Mean
TASK DF Squares Square F Pr>F
Data_Entry 8 37.1 4.6375 16.6617 IE-04
Mental 8 3.5 0.4375 1.5719 0.132
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DataJEntry 8 218.7111 27.33889 10.4659 IE-04
Mental 8 195.3444 24.41806 9.3477 IE-04






DataJEntry 8 432.3444 54.04306 14.0838 IE-04
Mental 8 259.3 32.4125 8.4468 IE-04






Data_Entry 8 105.6444 13.20556 6.3248 IE-04
Mental 8 35.61111 4.451389 2.132 0.033






DataJEntry 8 47.77778 5.972222 5.5661 IE-04
Mental 8 15.97778 1.997222 1.8614 0.066
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SCH*TASK*TIM Eff. Sliced by TASK for LOWER
Sum of Mean
TASK DF Squares Square F Pr>F
DataEntry 8 45.77778 5.722222 4.6928 IE-04
Mental 8 48.57778 6.072222 4.9799 IE-04
SCH*TASK*TIM Eff. Sliced by TASK for
Sum of Mean
TASK DF Squares Square F Pr>F
DataEntry 8 56.97778 7.122222 4.5459 IE-04
Mental 8 55.37778 6.922222 4.4182 IE-04
SCH*TASK*TIM Eff. Sliced by TASK for
Sum of Mean
TASK DF Squares Square F Pr>F
Data_Entry 8 315.2 39.4 22.6916 IE-04
Mental 8 262 32.75 18.8617 IE-04
SCH*TASK*TIM Eff Sliced by TASK for
Sum of Mean
TASK DF Squares Square F Pr>F
Data_Entry 8 302.2444 37.78056 18.916 IE-04
Mental 8 231.7778 28.97222 14.5059 IE-04
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SCH*TASK*TIM Eff. Sliced by TASK for NERVOUS
Sum of Mean
TASK DF Squares Square F Pr>F
DataEntry 8 15.37778 1.922222 2.5021 0.012
Mental 8 23.24444 2.905556 3.782 3E-04
SCH*TASK*TIM Eff Sliced by TASK for
Sum of Mean
TASK DF Squares Square F Pr>F
Data_Entry 8 94.31111 11.78889 8.4663 IE-04
Mental 8 80.8 10.1 7.2534 IE-04
SCH*TASK*TIM Eff Sliced by TASK for
Sum of Mean
TASK DF Squares Square F Pr>F
Data_Entry 8 220.8444 27.60556 15.1026 IE-04
Mental 8 302.4444 37.80556 20.6829 IE-04
SCH*TASK*TIM Eff Sliced by TASK for
Sum of Mean
TASK DF Squares Square F Pr>F
DataJEntry 8 24.31111 3.038889 5.0556 IE-04
Mental 8 43.77778 5.472222 9.1038 IE-04
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SCH*TASK*TTM Eff. Sliced by TIME for NECK
Sum of Mean
TIME DF Squares Square F Pr>F
lst_hour 5 29.74167 5.948333 2.6967 0.021
2nd_hour 5 32.875 6.575 2.9808 0.012
beginning 5 1.61E-28 3.23E-29 1.46E-29 1
SCH*TASK*TTM Eff. Sliced by TIME for
Sum of Mean
TIME DF Squares Square F Pr>F
lst_hour 5 26.24167 5.248333 3.4008 0.005
2nd_hour 5 37.54167 7.508333 4.8652 3E-04
beginning 5 3.42E-29 6.85E-30 4.44E-30 1
SCH*TASK*TO1 Eff Sliced by TIME for
Sum of Mean
TIME DF Squares Square F Pr>F
lst_hour 5 22.74167 4.548333 1.8305 0.107
2nd_hour 5 33.06667 6.613333 2.6615 0.023
beginning 5 6.56E-30 1.31E-30 5.28E-31 1
SCH*TASK*TIM Eff Sliced by TIME for
Sum of Mean
TIME DF Squares Square F Pr>F
lst_hour 5 23.94167 4.788333 2.4721 0.032
2nd_hour 5 25.375 5.075 2.6201 0.024
beginning 5 5.19E-29 1.04E-29 5.36E-30 1
 LOW.BACK
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SCH*TASK*TIM Eff. Sliced by TIME for CHEST
Sum of Mean
TIME DF Squares Square F Pr>F
lst_hour 5 5.366667 1.073333 3.8563 0.002
2nd hour 5 27.94167 5.588333 20.0778 IE-04
beginning 5 1.93E-29 3.86E-30 1.39E-29 1
SCH*TASK*TTM Eff Sliced by TIME for
Sum of Mean
TIME DF Squares Square F Pr>F
1st hour 5 32.56667 6.513333 2.4934 0.031
2nd_hour 5 32.24167 6.448333 2.4685 0.033
beginning 5 1.74E-29 3.47E-30 1.33E-30 1
SCH*TASK*TIM Eff. Sliced by TIME for
Sum of Mean
TIME DF Squares Square F Pr>F
lst_hour 5 28.74167 5.748333 1.498 0.19
2nd_hour 5 29.24167 5.848333 1.5241 0.182
beginning 5 8.93E-29 1.79E-29 4.66E-30 1
SCH*TASK*TIM Eff. Sliced by TIME for
Sum of Mean
TIME DF Squares Square F Pr>F
lst_hour 5 16.84167 3.368333 1.6133 0.156
2nd_hour 5 20.56667 4.113333 1.9701 0.083
beginning 5 1.10E-28 2.21E-29 1.06E-29 1
 ELBOW/AR
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SCH*TASK*TTM Eff. Sliced by TIME for KNEE
Sum of Mean
TIME DF Squares Square F Pr>F
lsthour 5 15.175 3.035 2.8286 0.016
2nd_hour 5 10.96667 2.193333 2.0442 0.072
beginning 5 5.86E-29 1.17E-29 1.09E-29 1
SCH*TASK*TTM Eff Sliced by TIME for
Sum of Mean
TIME DF Squares Square F Pr>F
lsthour 5 16.64167 3.328333 2.7296 0.02
2nd_hour 5 3.866667 0.773333 0.6342 0.674
beginning 5 3.48E-29 6.96E-30 5.71E-30 1
SCH*TASK*TTM Eff. Sliced by TIME for
Sum of Mean
TIME DF Squares Square F Pr>F
lst_hour 5 20.56667 4.113333 2.6254 0.024
2nd_hour 5 6.666667 1.333333 0.851 0.515
beginning 5 7.09E-30 1.42E-30 9.05E-31 1
SCH*TASK*TTM Eff. Sliced by TIME for
Sum of Mean
TIME DF Squares Square F Pr>F
lst_hour 5 7.766667 1.553333 0.8946 0.485
2nd_hour 5 49.04167 9.808333 5.6489 IE-04
beginning 5 6.49E-29 1.30E-29 7.48E-30 1
 EYESTRAI
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SCH*TASK*TIM Eff. Sliced by TIME for BLURRED.
Sum of Mean
TIME DF Squares Square F Pr>F
lst_hour 5 12.56667 2.513333 1.2584 0.282
2nd_hour 5 46.24167 9.248333 4.6305 4E-04
beginning 5 2.10E-28 4.20E-29 2.10E-29 1
SCH*TASK*TIM Eff. Sliced by TIME for
Sum of Mean
TIME DF Squares Square F Pr>F
lst_hour 5 7.066667 1.413333 1.8397 0.105
2nd_hour 5 3.2 0.64 0.8331 0.527
beginning 5 2.63E-29 5.27E-30 6.85E-30 1
SCH*TASK*TIM Eff. Sliced by TIME for
Sum of Mean
TIME DF Squares Square F Pr>F
lst_hour 5 4.566667 0.913333 0.6559 0.657
2nd_hour 5 10.96667 2.193333 1.5752 0.167
beginning 5 5.29E-29 1.06E-29 7.60E-30 1
SCH*TASK*TIM Eff. Sliced by TIME for
Sum of Mean
TIME DF Squares Square F Pr>F
lst_hour 5 11.9 2.38 1.3021 0.263
2nd_hour 5 10.7 2.14 1.1708 0.323
beginning 5 8.73E-29 1.75E-29 9.55E-30 1
 NERVOUS
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lst_hour 5 5.866667 1.173333 1.952 0.086
2nd_hour 5 14.16667 2.833333 4.7136 4E-04
beginning 5 4.49E-30 8.98E-31 1.49E-30 1
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EQUIPMENT AND CONDITION RATINGS *
SCHEDULE 60/10 SCHEDULE 30/5 SCHEDULE 15/MICRO
TASK DATA ENTRY MENTAL DATA ENTRY MENTAL DATA ENTRY MENTAL
The position of screen monitor 2.22 2.25 2.56 2.50 2.38 2.38
The position of chair 2.22 2.38 2.44 2.50 2,25 2.38
The position of keyboard 2.22 2.25 2.22 2.38 2.25 2.25
Lighting 2.44 2.75 2.56 2.75 2.38 2.63
Working space 2.11 2.25 2.11 2.25 2.13 2.13
T emperature/humidity 2.44 2.38 2.22 2.25 2.38 2.25
Noise level 2.44 2.50 2.56 2.50 2.50 2.38
* Average scores from all 10 subjects taken at the end of each experimental session
3: HIGHLY COMFORTABLE 
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